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Heebum Song 
Department of Chemistry, Organic Chemistry 
The Graduate School 
Seoul National University 
 
 Curiosity about biological system is a fundamental topics of science. Since the 
landmark description of DNA double helix by Watson and Crick, our understanding 
about biological processes from DNA to protein, so called central dogma, has been 
expanding greatly. Various genetic technics, such as genetic mutagenesis, transgenic, 
knockout, and knockin, have been used as research tools for exploring biological system. 
In addition to classic genetics, chemical genetics has emerged as a complementary 
approach in biological study. In a broad sense, chemical genetics mean the biological 
study using small molecules interacting with biological component. So the discovery of 
bioactive small molecules is the essential prerequisite for the success of chemical 
genetic approach. In this context, I have being studies about the design and synthesis 
of (potential) bioactive small molecules for studying biological system.  
iv 
 There are two cases in discovering bioactive small molecules. The one is the 
case that novel small molecules are needed to be discovered without biased biological 
target. In this situation, molecular diversity of synthetic small molecules is crucial to 
covered wide range of chemical space. And the other case is when the information 
about the target biological component is available, for example X-ray crystal structure 
of target protein with/without their ligand. In this case, rational design of small 
molecules based on the structural information of biological component is possible. 
 In part I, the researches about the development of synthetic pathway and its 
application for small molecule library construction to discover new biological small 
molecule were introduced as molecular diversity-based approach. As chapter I, from 
the selection of tetrahydroindazolone as core structure using ‘privileged structure’ 
concept to the development of orthogonal regioselective synthetic pathway for 
complementary both regioiosmers were achieved. And the efficient synthetic 
approaches to construct chemical library of tetrahydroindazolone in solution 
phase/solid phase were studied in chapter 2 and chapter 3. 
 In part II, the story about the rational design of bioactive small molecules and 
its derivatives based on the crystal structure of target protein and its ligand and the 
development of synthetic pathways were described as protein structure-based approach. 
Especially, the interaction between invariant natural killer T (iNKT) cell, playing a pivotal 
role in immune system, and its ligand α-galactosylceramide (α-GalCer) was major 
research interest. In chapter I, from design and synthesis of α-GalCer analogs perturbing 
non-covalent interaction with its receptor protein to validation of its therapeutic 
potential for animal model was studied. And in chapter 2, new α-GalCer analogs were 
designed to modulate the interaction with its receptor as covalently and efficient 
synthetic pathway was also developed. Lastly, the synthetic pathway for endogenous 
α-GalCer of Bacteroid fragilis and its analogs was developed for the research of host-
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Chapter 1. Orthogonal Regioselective Synthesis 
of N-Alkyl-3-substituted Tetrahydroindazolones 
 
J. Kim; H. Song; S. B. Park* Eur. J. Org. Chem. 2010, 20, 3815-3822. 
 
1.1.1. Introduction 
The efficient synthesis of privileged heterocycles is a crucial issue in diversity-
oriented synthesis (DOS), combinatorial chemistry, and medicinal chemistry, because 
many natural compounds and small molecules containing heterocyclic units have been 
identified as potential drug candidates with a wide range of biological activities.1 
Indazoles and indazolones are prominent heterocycles that show various biological 
activities such as anti-inflammatory, antiviral, and anticancer activities (see Figure 
1.1.1).2,3 In particular, SNX-2112, which contains a tetrahydroindazolone moiety, has 
been identified as a potent heat shock protein 90 (HSP90) inhibitor and exhibits low 
nanomolar antiproliferative activities against multiple cancer cell lines. SNX-2112 is 
currently in phase III clinical trials.4 Despite their proven importance in biomedical 
research, regioselective synthesis of N-alkyl-3-substituted tetrahydroindazolones has 
not been studied extensively. A series of SNX compounds have been synthesized by 
the simple condensation of arylhydrazines with 2-acylcyclohexane-1,3-diones,4,5 but the 
regioselectivity of this reaction is significantly influenced by the nature of the substrates, 
particularly by the dinucleophiles used. 
As reported in the literature, a major strategy for the regioselective synthesis 
of 1- aryltetrahydroindazolones involves the condensation of the appropriate 
dielectrophiles with an arylhydrazine in which the terminal and internal amines have  
2
Figure 1.1.1. (a) Nitric oxide synthases (NOS) inhibitor; (b) anti-inflammatory agent; (c) 
anticancer agent; (d) highly potent inhibitors of heat shock protein 90 (HSP 90). 
 
Different nucleophilicities.4–6 However, this method cannot be extended to 
alkylhydrazines because of the similar nucleophilicities of the two amines, which yields 
regioisomeric mixtures of tetrahydroindazolone. There have been a few reports on 
regioselective syntheses involving the condensation of alkylhydrazines with 
enaminedione7 or the formation of enehydrazone.8a However, the disadvantage of these 
methods is that they have limited substrate generality.7,8 
Synthetic chemists have also been investigating the regioselective synthesis of 
2-substituted tetrahydroindazolones, which are the minor products obtained in most 
condensation reactions of 2-acylcyclohexane-1,3-dione. Some of the examples of such 
reactions that have been reported are the condensation of the enol ether derivatives 
of 2-acylcyclohexane-1,3-dione with arylhydrazine6 and the condensation of a 
dimedone arylhydrazone with an arylaldehyde.9 However, 2-alkyl-3-substituted 
tetrahydroindazolones cannot be achieved regioselectively by these methods or by 
alkylation of unsubstituted tetrahydroindazolones.10 The cyclization of 1,3-
cyclohexanedione alkylhydrazone and N,N-dimethylformamide dimethyl acetal is 
another reported method for the regioselective synthesis of 2-
alkyltetrahydroindazolones.11 However, chromatographic separation of regioisomeric 
mixtures of N-alkyl-3-substituted tetrahydroindazolones is tedious or not possible in 
many cases,10 and the introduction of alkyl or aryl substituents at the C-3 position is 
not feasible.11 
3
1.1.2. Result and discussion 
To address these issues, we aimed to develop a new method to carry out orthogonal 
regioselective synthesis and facile diversification to obtain complementary regioisomers 
of N-alkyl-3-substituted tetrahydroindazolones, along with our previous efforts in this 
field.12 Initially, we investigated the effect of the substituents at the R1 and R2 positions 
on the regioisomeric ratio in the cyclization reaction of free alkylhydrazines and 2-
acylcyclohexane-1,3-diones 2 (see Table 1.1.1); in this reaction, we obtained 1-alkyl-3-
substituted tetrahydroindazolones 3 as the major products with low regioselectivity, as 
confirmed by 1D NOE experiments. Generally, regioisomers 3 and 4 cannot be 
separated by silicagel flash column chromatography; therefore, the regioisomeric ratio 
was determined by 1H NMR spectroscopy. Highly regioselectivity was achieved in the 
conventional condensation when arylhydrazines were used, as mentioned in previous 
reports. Therefore, we did not extensively examine the condensation reaction involving 
arylhydrazine in this study, as its nitrogen atoms exhibit inherently different 
nucleophilicities. We also obtained excellent regioselectivity in the conventional 
condensation of alkylhydrazine with 2 having bulky substituents (cyclopentyl at the R1 
position and cyclohexyl at the R2 position). This indicates that the regioselectivity is 
affected by steric factors and can be enhanced by the introduction of sterically hindered 
substituents at the R1 and R2 positions. We also observed that electron-withdrawing 
substituents at the R1 position can result in high regioselectivity. In the case of 2-
cyanoethylhydrazine, the internal amine is significantly less nucleophilic because of the 
cyano group at the R1 position. 
However, we aimed at the development of a robust and orthogonal method 
for the synthesis of complementary regioisomers from Boc-protected alkylhydrazines 
1,2-acylcyclohexane-1,3-diones 2, and aldehydes. As shown in Scheme 1.1.1, we carried 
out the regioselective synthesis of 1-alkyl-3-substituted tetrahydroindazolones 3 by the 
formation of intermediate C, followed by the deprotection of the Boc group and 
4
Table 1.1.1. Regioisomeric ration (3/4) in the synthesis of tetrahydroindazolones by the 
conventional condensation of 2-acylcyclohexane-1,3-diones 2 with alkylhydrazines.a 
 
  Ratio 3/4 when R2 =  
R1 
R2 
Me Et Ph Cyclohexyl 
Me 53:47 65:35 74:26 86:14 
2-Hydroxyethyl 79:21 83:17 93:7 >>99:1 
Propyl 87:13 90:10 93:7 >>99:1 
2-Cyanoethyl >>99:1 >>99:1 >>99:1 >>99:1 
Benzyl 89:11 91:9 95:5 >>99:1 
Cyclopentyl >>99:1 >>99:1 >>99:1 >>99:1 
a Regioisomeric ration was determined by 1H NMR spectroscopic analysis of samples purified by 
silica-gel flash column chromatography. 
 
subsequent condensation. The complementary regioisomers, 2-alkyl-3-substituted 
tetrahydroindazolones 4, could be synthesized in the following manner. Enehydrizines 
5 were formed from the condensation of 1 with dimedone. Deprotection of the Boc 
group and subsequent cyclization with various aldehydes including alkyl, aryl, and 
heteroaryl aldehydes afforded 4. In this manner, we could efficiently synthesize 
complementary regioisomers by using a divergent method. 
The proposed synthetic method was validated by extending it for the synthesis  
5
 
Scheme 1.1.1. Synthetic strategy (path I and II) for orthogonal synthesis of 
complementary regioisomer 3 and 4. 
 
of 3, particularly for the case where conventional methods afforded poor regioselectivity. 
As opposed to the reaction route involving a free alkylhydrazine, the proposed method 
afforded desired products 3a–i as single regioisomers in good yields. The Boc-protected 
internal amine of the alkylhydrazines is not nucleophilic, which leads to the 
regioselective formation of intermediate C through condensation of 1 with 2. The 
desired products were obtained by subsequent treatment of intermediate C with formic 
acid for Boc deprotection and spontaneous intramolecular condensation (Table 1.1.2, 
Entries 1–9). In addition, we expanded the scope of the proposed reaction and 
demonstrated its efficiency by extending the method to the synthesis of 3j–o; these 
syntheses were carried out by introducing various substituents at the R2 position of 2 
and the R1 position of 1 (Table 1.1.2, Entries 11–15). As previously mentioned, the 
separation of these regioisomers was difficult or not possible by silica-gel flash column 
chromatography in most cases, but we measured the regioisomeric ratio through 
chromatographic separation of two regioisomers with a trifluoromethyl substituent at 
the R2 position, synthesized through the simple cyclization of methylhydrazine with 5,5-
dimethyl-2-(2,2,2-trifluoroacetyl)-cyclohexane-1,3-dione. However, we were able to 
6
obtain successfully single regioisomer 3l by Path I (Table 1.1.2, Entry 12). 
After demonstrating the robustness of our method for the regioselective 
synthesis of 3, we attempted to synthesize complementary regioisomers 4 by the 
proposed synthetic route. As shown in Table 3, we could synthesize enehydrazines 5, a 
key intermediate, by the condensation of 1 with dimedone in excellent yields. To 
improve the efficiency of our synthetic route, we pursued the formation of desired 
product 4 from 5 by Boc deprotection and spontaneous intermolecular condensation 
with aldehydes. After reaction screening under various acidic conditions, the optimum 
yield was obtained within a short time when the reaction was carried out at 100 °C in 
AcOH under microwave irradiation. As shown in Table 1.1.1, 4 is generally formed as 
the minor product in the conventional condensation reaction of substituted hydrazines 
with 2 and is not obtained in reasonable amounts in some cases. By optimizing the 
reaction conditions, we successfully obtained a series of 2-alkyl-3-substituted 
tetrahydroindazolones 4, which was confirmed by 1D NOE experiments (see the 
Supporting Information). We successfully synthesized 4 as a single regioisomer, which 
was the minor product or not obtained at all under the conditions outlined in Tables 
1.1.1 and 1.1.2 (Table 1.1.3, Entries 1–9). For example, we carried out the regioselective 
synthesis of 2-methyl-3-phenyltetrahydroindazolone (4a) by Path II and its 
complementary regioisomer, 1-methyl-3-phenyltetrahydroindazolone (3g), by Path I 
(Figures 1.1.2 and 1.1.3). In fact, the conventional condensation of free alkylhydrazine 
only afforded inseparable regioisomeric mixtures (3g/4a = 74:26, see Table 1.1.1). It is 
also worth mentioning that we synthesized 2-cyclopentyl-3-substituted 
tetrahydroindazolones 4d and 4e, which were not obtained by the conventional 
condensation of cyclopentylhydrazine because of its preference for the opposite 
regioisomer, resulting from steric factors. In the case of benzaldehyde, under microwave 
irradiation in AcOH this one-pot procedure with spontaneous deprotection of the Boc 
group provided only moderate yields of the product; therefore, we removed the Boc 
group first with the use of 50% TFA in DCM and then removed the excess amount of 
7
Table 1.1.2. Regioselective synthesis of 1-alkyl-3-substituted tetrahydroindazolone 3 by 
using Path I via intermediate C. 
 
Entry Cpd R1 R2 Ratio 3/4b Ratio 3/4c,e Yield [%]f 
1 3a methyl methyl 53:47c >>99:1 88 
2 3b propyl methyl 87:13c >>99:1 80 
3 3c benzyl methyl 89:11c >>99:1 80 
4 3d methyl ethyl 65:35c >>99:1 81 
5 3e propyl ethyl 90:10c >>99:1 73 
6 3f benzyl ethyl 91:9c >>99:1 66 
7 3g methyl phenyl 74:26c >>99:1 73 
8 3h propyl Phenyl 93:7c >>99:1 67 
9 3i benzyl Phenyl 95:5c >>99:1 66 
10 3j benzyl 4-trifluorophenyl 95:5c >>99:1 60 
11 3k propyl 2-methylthioethyl 90:10c >>99:1 70 
12a 3l methyl trifluoromethyl 75:25d >>99:1 85 
13 3m propyl 3-pyridylmethyl 89:11c >>99:1 62 
14 3n 2-pyridylmethyl methyl 85:15c >>99:1 62 
15 3o 2-amino-2-oxoethyl methyl 90:10c >>99:1 76 
a Intermediate C formed in AcOH at room temperature. b Isomeric ratio obtained by the 
condensation of 2 with free alkylhydrazine in EtOH at 60 °C. c Isomeric ratio determined by 1H 
NMR spectroscopic analysis. d Isomeric ratio determined from the purified yields of each 




Table 1.1.3. Regioselective synthesis of 2-alkyl-3-substituted tetrahydroindazolones 4 by 
path II 
 
Entry Cpd R1 R2 Yield [%]b 
1 4a methyl phenyla 60 
2 4b propyl ethyl 61 
3 4c propyl pheny[a 70 
4 4d cyclopentyl methyl 56 
5 4e cyclopentyl phenyla 48 
6 4f benzyl methyl 62 
7 4g benzyl ethyl 60 
8 4h benzyl phenyla 79 
9 4i benzyl 4-trifluoromethylphenyla 73 
10 4j benzyl 4-methoxyphenyla 53 
11 4k benzyl 2-thiophenyl 63 
12 4l benzyl 4-pyridinyl 63 
13 4m benzyl 4-quinolinyl 58 
a Desired product obtained under microwave irradiation after Boc deprotection with 50% TFA in 
DCM at room temperature without further purification. b Isolated yield of a single regioisomer of 
4. 
 
TFA prior to the microwave-assisted cyclization; this improved the yield of this reaction 
(Table 1.1.3, Entries 1, 3, 5, 8–10). We also demonstrated the substrate generality of the 
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reaction by introducing various substituents at the R2 position (Table 1.1.3, Entries 6–
13). In particular, we carried out intermolecular condensation of benzylenehydrazine 5d 
and various heteroaryl aldehydes such as 2-thiophenyl, 4-pyridyl, and 4-quinolinyl 
aldehydes and benzaldehyde having electron-donating groups such as a methoxy 
moiety to yield 4k, 4l, 4m, and 4j, respectively. 
 
1.1.3. Conclusion 
In conclusion, we developed a divergent strategy for the orthogonal regioselec- 
 
 
Figure 1.1.2. 1H NMR spectroscopy data of (a) regioisomeric mixtures 3g and 4a 
synthesized by simple condensation of 2c with methylhydrazine (Table 1.1.2), (b) 3g 
obtained by path I, and (c) 4a obtained by path II. 
10
 
Figure 1.1.3. Structural confirmation of both regioisomers 3g and 4a by using 1D NOE 
experiment. 
 
tive synthesis of the complementary regioisomers of N-alkyl-3-substituted-4,5,6,7-
tetrahydroindazolones (i.e., 3 and 4) from Boc-protected alkylhydrazines. The key step 
in this synthetic strategy is the introduction of a protecting group such as Boc at the 
nitrogen atom of the internal amine in the alkylhydrazine. This causes a significant 
difference in the nucleophilicities of the two reactive nitrogen atoms of the 
alkylhydrazines. Consequently, the reaction of Boc-protected alkylhydrazines 1 with 2-
acylcyclohexane-1,3-diones 2 and dimedone leads to the regioselective generation of 
intermediate C and enehydrazine 5, respectively. We also successfully demonstrated the 
generality and orthogonality of this synthetic strategy by introducing alkyl or aryl 
substituents at the C-3 position of 3 and 4; for this purpose, we used various 2-
acylcyclohexane-1,3-diones 2 and substituted aldehydes, respectively. This 
regioselective synthetic method is clearly better than the previously reported methods 
in terms of robustness and orthogonality and allows the systematic construction of a 
small-molecule library that includes privileged tetrahydroindazolone regioisomers 
obtained in good yields and with excellent regioselectivity. The construction of this 
library and the biological evaluation of the synthesized compounds will be reported in 
due course. 
 
1.1.4. Experimental Section 
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General: 1H and 13C NMR spectra were obtained with a Varian Inova-500 (Varian Assoc., 
Palo Alto, USA) and a Bruker DRX-300 (Bruker Biospin, Germany). Chemical shifts are 
reported in ppm from tetramethylsilane (TMS) as internal standard or the residual 
solvent peak (CDCl3, 1H: 7.26 ppm, 13C: 77.23 ppm; CD3OD, 1H: 3.31 ppm, 13C: 49.00 
ppm). High-resolution mass spectrometric analysis was performed at the Mass 
Spectrometry Laboratory of Seoul National University by using a mass spectrometer by 
direct injection for electron ionization (EI). Routine mass analyses were performed with 
an LC–MS system equipped with a reverse-phase column (C-18, 50 × 2.1 mm, 5 μm) 
and photodiode array detector by using electrospray ionization (ESI). Microwave 
reactions were performed by using CEM Discover Benchmate, and microwave reaction 
conditions are noted below. All reactions were performed either in oven-dried glassware 
or a microwave vessel under a dry atmosphere. Dichloromethane (DCM) was dried by 
distillation from CaH2. Other solvents and organic reagents were purchased from 
commercial suppliers and used without further purification unless otherwise mentioned. 
The products were purified by flash column chromatography on silica gel (230–400 
mesh). The conversion of the starting materials was monitored by thin-layer 
chromatography (TLC) by using silica-gel plates (silica gel 60 F254, 0.25 mm), and 
components were visualized by observation under UV light (254 and 365 nm) or by 
treating the TLC plates with ninhydrin, phosphomolybdic acid, and KMnO4 followed by 
heating. 
General Procedure for the Synthesis of 1-Alkyl-3-substituted 
Tetrahydroindazolones (3): To a stirred solution of 2-acylcyclohexane-1,3-diones 2 (1.5 
equiv.) in AcOH (0.1 M) was added Boc-protected alkylhydrazines 1 (1.0 equiv.), and the 
resulting mixture was stirred at 60 °C for 3–5 h. After the complete formation of 
intermediate C, as checked by TLC, formic acid (0.1 M) was added, and reaction mixture 
was stirred at 80 °C. After completion of the reaction as monitored by TLC, the 
remaining solvent was removed by azeotropic distillation with toluene under reduced 
pressure, and the reaction mixture was purified by silica-gel flash column 
12
chromatography to provide desired products 3. 
1,3,6,6-Tetramethyl-6,7-dihydro-1H-indazol-4(5H)-one (3a): Yield: 88%, yellowish 
solid. Rf = 0.18 (MeOH/DCM, 1:30). 1H NMR (500 MHz, CDCl3): δ = 3.69 (s, 3 H), 2.57 
(s, 2 H), 2.40 (s, 3 H), 2.27 (s, 2 H), 1.08 (s, 6 H) ppm. 13C NMR (125 MHz, CDCl3): δ = 
193.2, 149.4, 148.6, 115.6, 52.4, 35.8, 35.6, 35.5, 28.7, 13.4 ppm. HRMS (EI+): calcd. for 
C11H16N2O [M]
+ 192.1263; found 192.1263. 
3,6,6-Trimethyl-1-propyl-6,7-dihydro-1H-indazol-4(5H)-one (3b): Yield: 80%, 
yellowish solid. Rf = 0.43 (EtOAc/hexane, 1:1). 1H NMR (500 MHz, CDCl3): δ = 3.89 (t, J 
= 7.3 Hz, 2 H), 2.57 (s, 2H), 2.41 (s, 3 H), 2.28 (s, 2 H), 1.80 (sext., J = 7.3 Hz, 2 H), 1.07 
(s, 6 H), 0.86 (t, J = 7.5 Hz, 3 H) ppm. 13C NMR (125 MHz, CDCl3): δ = 193.2, 149.0, 
148.7, 115.3, 52.6, 50.6, 35.7, 35.6, 28.7, 23.5, 13.5, 11.2 ppm. HRMS (EI+): calcd. for 
C13H20N2O [M]
+ 220.1576; found 220.1575. 
1-Benzyl-3,6,6-trimethyl-6,7-dihydro-1H-indazol-4(5H)-one (3c): Yield: 80%, 
yellowish gel. Rf = 0.48 (EtOAc/hexane, 1:1). 1H NMR (500 MHz, CDCl3): δ = 7.34–7.27 
(m, 3 H), 7.09 (d, J = 7.0 Hz, 2H), 5.20 (s, 2 H), 2.52 (s, 2 H), 2.47 (s, 3 H), 2.29 (s, 2 H), 
1.05 (s, 6 H) ppm. 13C NMR (125 MHz, CDCl3): δ = 193.2, 149.5, 148.9, 136.1, 129.1, 
128.1, 126.9, 116.1, 53.0, 52.5, 35.7, 35.6, 28.6, 13.5 ppm. HRMS (EI+): calcd. for 
C17H20N2O [M]
+ 268.1576; found 268.1576. 
3-Ethyl-1,6,6-trimethyl-6,7-dihydro-1H-indazol-4(5H)-one (3d): Yield: 81%, white 
solid. Rf = 0.23 (EtOAc/hexane, 1:1). 1H NMR (500 MHz, CDCl3): δ = 3.68 (s, 3 H), 2.80 
(q, J = 7.5 Hz, 2 H), 2.56 (s, 2 H), 2.26 (s, 2 H), 1.19 (t, J = 7.5 Hz, 3 H), 1.07 (s, 6 H) 
ppm. 13C NMR (125 MHz, CDCl3): δ = 192.8, 154.2, 149.4, 114.8, 52.5, 35.8, 35.53, 35.49, 
28.7, 21.3, 13.1 ppm. HRMS (EI+): calcd. for C12H18N2O [M]
+ 206.1419; found 206.1423. 
3-Ethyl-6,6-dimethyl-1-propyl-6,7-dihydro-1H-indazol-4(5H)-one (3e): Yield: 73%, 
yellowish solid. Rf = 0.27 (EtOAc/hexane, 1:2). 1H NMR (500 MHz, CDCl3): δ = 3.91 (t, J 
= 7.3 Hz, 2 H), 2.83 (q, J = 7.7 Hz, 2 H), 2.58 (s, 2 H), 2.29 (s, 2 H), 1.81 (sext., J = 7.3 
13
Hz, 2 H), 1.21 (t, J = 7.5 Hz, 3 H), 1.08 (s, 6 H), 0.88 (t, J = 7.5 Hz, 3 H) ppm. 13C NMR 
(125 MHz, CDCl3): δ = 192.9, 154.4, 149.1, 114.6, 52.7, 50.6, 35.71, 35.66, 28.7, 23.6, 
21.4, 13.3, 11.3 ppm. HRMS (EI+): calcd. for C14H22N2O [M]
+ 234.1732; found 234.1733. 
1-Benzyl-3-ethyl-6,6-dimethyl-6,7-dihydro-1H-indazol-4(5H)-one (3f): Yield: 66%, 
yellowish gel. Rf = 0.29 (EtOAc/hexane, 1:2). 1H NMR (500 MHz, CDCl3): δ = 7.33–7.27 
(m, 3 H), 7.08 (d, J = 7.0 Hz, 2 H), 5.22 (s, 2 H), 2.89 (q, J = 7.5 Hz, 2 H), 2.51 (s, 2 H), 
2.30 (s, 2 H), 1.26 (t, J = 7.5 Hz, 3 H), 1.04 (s, 6 H) ppm. 13C NMR (125 MHz, CDCl3): δ 
= 192.9, 154.6, 149.7, 136.2, 129.1, 128.1, 126.9, 115.5, 53.0, 52.6, 35.7, 35.6, 28.6, 21.4, 
13.3 ppm. HRMS (EI+): calcd. for C18H22N2O [M]
+ 282.1732; found 282.1730. 
1,6,6-Trimethyl-3-phenyl-6,7-dihydro-1H-indazol-4(5H)-one (3g): Yield: 73% as 
white solid. Rf = 0.34 (EtOAc/hexane, 1:1). 1H NMR (500 MHz, CDCl3): δ = 8.08 (d, J = 
7.5 Hz, 2 H), 7.39 (t, J = 7.5 Hz, 2 H), 7.34–7.32 (m, 1 H), 3.78 (s, 3 H), 2.62 (s, 2 H), 2.37 
(s, 2 H), 1.12 (s, 6 H) ppm. 13C NMR (125 MHz, CDCl3): δ = 191.9, 150.4, 150.3, 132.2, 
128.7, 128.6, 128.1, 114.6, 53.2, 36.2, 35.7, 35.0, 28.5 ppm. HRMS (EI+): calcd. for 
C16H18N2O [M]
+ 254.1419; found 254.1421. 
6,6-Dimethyl-3-phenyl-1-propyl-6,7-dihydro-1H-indazol-4(5H)-one (3h): Yield: 67%, 
white solid. Rf = 0.31 (EtOAc/hexane, 1:2). 1H NMR (500 MHz, CDCl3): δ = 8.09 (d, J = 
7.0 Hz, 2 H), 7.40 (t, J= 7.5 Hz, 2 H), 7.36–7.34 (m, 1 H), 4.03 (t, J = 7.3 Hz, 2 H), 2.68 (s, 
2 H), 2.41 (s, 2 H), 1.90 (sext., J = 7.2 Hz, 2 H), 1.15 (s, 6 H), 0.95 (t, J = 7.5 Hz, 3 H) 
ppm. 13C NMR (125 MHz, CDCl3): δ = 192.1, 150.7, 149.9, 132.4, 128.8, 128.7, 128.2, 
114.5, 53.4, 51.0, 36.0, 35.2, 28.5, 23.5, 11.3 ppm. HRMS (EI+): calcd. for C18H22N2O [M]
+ 
282.1732; found 282.1736. 
1-Benzyl-6,6-dimethyl-3-phenyl-6,7-dihydro-1H-indazol-4(5H)-one (3i): 66% as a 
white solid; TLC Rf = 0.35 (1:2, EtOAc:hexane). 1H NMR (500 MHz, CDCl3) δ 8.16–8.14 
(m, 2 H), 7.44–7.41 (m, 2 H), 7.39–7.30 (m, 4 H), 7.17 (d, J = 6.5 Hz, 2 H), 5.34 (s, 2 H), 
2.59 (s, 2 H), 2.40 (s, 2 H), 1.08 (s, 6 H); 13C NMR (125 MHz, CDCl3) δ 192.1, 150.8, 150.5, 
135.9, 132.3, 129.1, 128.8, 128.5, 128.2, 127.1, 127.0, 115.3, 53.4, 53.3, 35.9, 35.2, 28.4; 
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HRMS (EI+): calcd. for C22H22N2O [M]
+: 330.1732; Found: 330.1728. 
1-Benzyl-6,6-dimethyl-3-[4-(trifluoromethyl)phenyl]-6,7-dihydro-1H-indazol-
4(5H)-one (3j): Yield: 60%, white solid. Rf = 0.38 (EtOAc/hexane, 1:2). 1H NMR (500 
MHz, CDCl3): δ = 8.31 (d, J = 8.5 Hz, 2 H), 7.67 (d, J = 8.5 Hz, 2 H), 7.37–7.30 (m, 3 H), 
7.17 (d, J = 7.0 Hz, 2 H), 5.36 (s, 2 H), 2.62 (s, 2 H), 2.42 (s, 2 H), 1.10 (s, 6 H) ppm. 13C 
NMR (125 MHz, CDCl3): δ = 192.2, 150.8, 149.4, 135.8, 135.6, 130.5 (q, 2JC,F = 31.9 Hz), 
129.22, 129.16, 128.4, 127.1, 125.2 (q, 3JC,F = 3.6 Hz), 124.5 (q, 1JC,F = 270.3 Hz), 115.6, 
53.7, 53.3, 35.9, 35.4, 28.5 ppm. HRMS (EI+): calcd. for C23H21F3N2O [M]
+ 398.1606; found 
398.1608. 
6,6-Dimethyl-3-[2-(methylthio)ethyl]-1-propyl-6,7-dihydro-1H-indazol-4(5H)-one 
(3k): Yield: 70 %, yellowish gel. Rf = 0.43 (EtOAc/hexane, 1:1). 1H NMR (500 MHz, CDCl3): 
δ = 3.93 (t, J = 7.3 Hz, 2 H), 3.11 (t, J = 7.5 Hz, 2 H), 2.82 (t, J = 7.8 Hz, 2 H), 2.60 (s, 2 
H), 2.31 (s, 2 H), 2.14 (s, 3 H), 1.82 (sext., J = 7.3 Hz, 2 H), 1.10 (s, 6 H), 0.89 (t, J = 7.3 
Hz, 3 H) ppm. 13C NMR (125 MHz, CDCl3): δ = 192.9, 150.9, 149.2, 115.0, 52.6, 50.7, 
35.7, 35.6, 32.7, 28.6, 28.1, 23.5, 15.4, 11.2 ppm. HRMS (EI+): calcd. for C15H24N2OS [M]
+ 
280.1609; found 280.1609. 
1,6,6-Trimethyl-3-(trifluoromethyl)-6,7-dihydro-1H-indazol-4(5H)-one (3l): Yield: 
85%, white solid. Rf = 0.45 (EtOAc/hexane, 1:1). 1H NMR (500 MHz, CDCl3): δ = 3.84 (s, 
3 H), 2.69 (s, 2 H), 2.38 (s, 2 H) 1.13 (s, 6 H) ppm. 13C NMR (125 MHz, CDCl3): δ = 190.0, 
150.8, 139.1 (q, 2JC,F = 39.9 Hz), 120.6 (q, 1JC,F = 268.0 Hz), 115.3, 52.5, 36.8, 35.5, 35.4, 
28.6 ppm. HRMS (EI+): calcd. for C11H13F3N2O [M]
+ 246.0980; found 246.0985. 
6,6-Dimethyl-1-propyl-3-(pyridin-3-ylmethyl)-6,7-dihydro-1Hindazol-4(5H)-one 
(3m): Yield: 62%, yellow gel. Rf = 0.22 (EtOAc/hexane, 1:1). 1H NMR (500 MHz, CDCl3): 
δ = 8.54 (s, 1 H), 8.37 (d, J = 3.0 Hz, 1 H), 7.66 (d, J = 7.5 Hz, 1 H), 7.13 (dd, J = 7.8, 
4.8 Hz, 1 H), 4.17 (s, 2 H), 3.92 (t, J = 7.0 Hz, 2 H), 2.58 (s, 2 H), 2.27 (s, 2 H), 1.80 (sext., 
J = 7.3 Hz, 2 H), 1.06 (s, 6 H), 0.86 (t, J = 7.3 Hz, 3 H) ppm. 13C NMR (125 MHz, CDCl3): 
δ = 192.8, 150.4, 150.0, 149.3, 147.5, 136.7, 135.1, 123.3, 114.8, 52.5, 50.8, 35.7, 35.6, 
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31.0, 28.6, 23.5, 11.2 ppm. HRMS (EI+): calcd. for C18H23N3O [M]
+ 297.1841; found 
297.1842. 
3,6,6-Trimethyl-1-(pyridin-2-ylmethyl)-6,7-dihydro-1H-indazol-4(5H)-one (3n): 
Yield: 62%, white solid. Rf = 0.12 (EtOAc/hexane, 2:1). 1H NMR (500 MHz, CDCl3): δ = 
8.53 (d, J = 4.0 Hz, 1 H), 7.63 (dt, J = 7.8, 1.5 Hz, 1 H), 7.19 (dd, J = 7.0, 5.5 Hz, 1 H), 
6.97 (d, J = 8.0 Hz, 1 H), 5.30 (s, 2 H), 2.61 (s, 2 H), 2.45 (s, 3 H), 2.30 (s, 2 H), 1.05 (s, 6 
H) ppm. 13C NMR (125 MHz, CDCl3): δ = 193.4, 156.0, 150.4, 149.8, 149.3, 137.4, 123.1, 
121.7, 116.2, 54.8, 52.6, 35.9, 35.6, 28.7, 13.6 ppm. HRMS (EI+): calcd. for C16H19N3O 
[M]+ 269.1528; found 269.1533. 
2-(3,6,6-Trimethyl-4-oxo-4,5,6,7-tetrahydro-1H-indazol-1-yl)-acetamide (3o): Yield: 
76%, white solid. Rf = 0.34 (MeOH/DCM, 1:10). 1H NMR (500 MHz, CD3OD): δ = 4.79 
(s, 2 H), 2.72 (s, 2 H), 2.38 (s, 3 H), 2.34 (s, 2 H), 1.11 (s, 6 H) ppm. 13C NMR (75 MHz, 
CD3OD): δ = 196.0, 170.9, 153.6, 150.0, 116.6, 53.1, 51.7, 36.6, 35.7, 28.5, 13.2 ppm. 
HRMS (EI+): calcd. for C12H17N3O2 [M]
+ 235.1321; found 235.1323. 
General Procedures for the Synthesis of Enehydrazines 5: To a stirred solution of 
Boc-protected alkylhydrazines 1 (1.0 equiv.) in AcOH (0.1 M) was added dimedone (1.0 
equiv.). After completion of enehydrazines 5 formation, as monitored by TLC, the 
remaining solvent was removed by azeotropic distillation with toluene under reduced 
pressure, and the reaction mixture was purified by silicagel flash column 
chromatography to provide desired products 5. 
tert-Butyl 2-(5,5-Dimethyl-3-oxocyclohex-1-enyl)-1-methylhydrazinecarboxylate 
(5a): Yield: 99%, yellowish solid. Rf = 0.31 (MeOH/DCM, 1:20). 1H NMR (500 MHz, CDCl3): 
δ = 6.91 (br. s, 1 H), 5.16 (s, 1 H), 3.06 (s, 3 H), 2.17 (s, 2 H), 2.14 (br. s, 2 H), 1.40 (s, 9 
H), 1.05 (s, 6 H) ppm. LRMS (ESI+): calcd. for C14H25N2O3 [M + H]
+ 269.18; found 269.07. 
tert-Butyl 1-Cyclopentyl-2-(5,5-dimethyl-3-oxocyclohex-1-enyl)-
hydrazinecarboxylate (5c): Yield: 94 %, white solid. Rf = 0.27 (EtOAc/hexane, 1:1). 1H 
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NMR (500 MHz, CDCl3): δ = 6.31 (br. s, 1 H), 5.28 (s, 1 H), 4.44 (pent., J = 8 Hz, 1 H), 
2.22–2.13 (m, 4 H),1.82–1.77 (m, 2 H), 1.63–1.61 (m, 2 H), 1.52–1.43 (m, 4 H), 1.41 (s, 9 




(5d): Yield: 94%, yellowish solid. Rf = 0.22 (MeOH/DCM, 1:19). 1H NMR (500 MHz, 
CDCl3): δ = 7.35–7.28 (m, 3 H), 7.23 (d, J = 6.5 Hz, 2 H), 6.03 (s, 1 H), 5.29 (s, 1 H), 5.02 
(br. s, 1 H), 4.11 (br. s, 2 H), 2.20 (s, 2 H), 2.06 (br. s, 2 H), 2.20 (s, 2 H), 1.46 (s, 9 H), 1.05 
(s, 6 H) ppm. LRMS (ESI+): calcd. for C20H29N2O3 [M + H]
+ 345.21; found 345.06. 
General Procedure for the Synthesis of 1-Alkyl-3-substituted 
Tetrahydroindazolones (4): To a solution of aldehydes (1.1–5 equiv.) in acetic acid (0.04 
M) was added enehydrazines 5, and the resulting mixture was heated in a capped 
microwave vessel under microwave irradiation (150 W, 100 °C) for 25–30 min. After 
completion of the reaction, as monitored by TLC, the solvent was removed by 
azeotropic distillation with toluene under reduced pressure without aqueous workup, 
and the reaction mixture was purified by silicagel flash column chromatography to 
provide the desired products. To obtain the cyclized products in a series of 
benzaldehydes, enehydrazine 5 was first treated with 50% TFA in DCM at room 
temperature for 1 h. The excess amount of TFA was removed by azeotropic evaporation 
with DCM under reduced pressure, and the crude resultant was redissolved in acetic 
acid (0.04 M) and aldehyde (1.1–3 equiv.) was added. The reaction mixture was 
irradiated under microwave condition (150 W, 100 °C) for 25–30 min. 
2,6,6-Trimethyl-3-phenyl-6,7-dihydro-2H-indazol-4(5H)-one (4a): Yield: 60%, white 
solid. Rf = 0.34 (EtOAc/hexane, 1:1). 1H NMR (500 MHz, CDCl3): δ = 7.47–7.44 (m, 5 H), 
3.77 (s, 3 H), 2.73 (s, 2 H), 2.35 (s, 2 H), 1.11 (s, 6 H) ppm. 13C NMR (125 MHz, CDCl3): 
δ = 193.4, 155.8, 144.1, 130.1, 129.7, 128.54, 128.49, 115.0, 53.7, 37.29, 37.26, 35.2, 28.6 
ppm. HRMS (EI+): calcd. for C16H18N2O [M]
+ 254.1419; found 254.1419. 
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3-Ethyl-6,6-dimethyl-2-propyl-6,7-dihydro-2H-indazol-4(5H)-one (4b): Yield: 61%, 
yellowish gel. Rf = 0.27 (EtOAc/hexane, 1:2). 1H NMR (500 MHz, CDCl3): δ = 3.95 (t, J 
= 7.5 Hz, 2 H), 2.93 (q, J = 7.5 Hz, 2 H), 2.62 (s, 2 H), 2.30 (s, 2 H), 1.86 (sext., J = 7.5 
Hz, 2 H), 1.20 (t, J = 7.5 Hz, 3 H), 1.06 (s, 6 H), 0.93 (t, J = 7.5 Hz, 3 H) ppm. 13C NMR 
(125 MHz, CDCl3): δ = 194.5, 155.6, 146.9, 114.1, 53.5, 50.3, 37.2, 35.3, 28.7, 23.8, 18.6, 
13.4, 11.4 ppm. HRMS (EI+): calcd. for C14H22N2O [M]
+ 234.1732; found 234.1735. 
6,6-Dimethyl-3-phenyl-2-propyl-6,7-dihydro-2H-indazol-4(5H)-one (4c): Yield: 70%, 
clear gel. Rf = 0.31 (EtOAc/hexane, 1:2). 1H NMR (500 MHz, CDCl3): δ = 7.47–7.45 (m, 
3 H), 7.42–7.40 (m, 2 H), 3.96 (t, J = 7.3 Hz, 2 H), 2.74 (s, 2 H), 2.34 (s, 2 H), 1.82 (sext., 
J = 7.5 Hz, 2 H), 1.11 (s, 6 H), 0.80 (t, J = 7.5 Hz, 3 H) ppm. 13C NMR (125 MHz, CDCl3): 
δ = 193.5, 155.8, 144.0, 129.9, 129.6, 128.9, 128.6, 115.0, 53.7, 50.9, 37.3, 35.2, 28.7, 23.7, 
11.2 ppm. HRMS (EI+): calcd. for C18H22N2O [M]
+ 282.1732; found 282.1734. 
2-Cyclopentyl-3,6,6-trimethyl-6,7-dihydro-2H-indazol-4(5H)-one (4d): Yield: 56 %, 
white solid. Rf = 0.71 (EtOAc/hexane, 1:1). 1H NMR (500 MHz, CDCl3): δ = 4.50 (pent., 
J = 7.8 Hz, 1 H), 2.61 (s, 2 H), 2.53 (s, 3 H), 2.27 (s, 2 H), 2.07–2.01 (m, 4 H), 1.96–1.88 
(m, 2 H), 1.69–1.60 (m, 2 H), 1.04 (s, 6 H) ppm. 13C NMR (125 MHz, CDCl3): δ = 195.0, 
155.0, 140.7, 114.9, 58.7, 53.5, 37.3, 35.2, 32.4, 28.7, 24.7, 10.9 ppm. HRMS (EI+): calcd. 
for C15H22N2O [M]
+ 246.1732; found 246.1731. 
2-Cyclopentyl-6,6-dimethyl-3-phenyl-6,7-dihydro-2H-indazol-4(5H)-one (4e): Yield: 
48%, yellowish solid. Rf = 0.75 (EtOAc/hexane, 1:2). 1H NMR (500 MHz, CDCl3): δ = 
7.50–7.46 (m, 3 H), 7.43–7.41 (m, 2 H), 4.52 (pent., J = 7.8 Hz, 1 H), 2.74 (s, 2 H), 2.33 
(s, 2 H), 2.17–2.10 (m, 2 H), 2.00–1.90 (m, 4 H), 1.61–1.56 (m, 2 H), 1.11 (s, 6 H) ppm. 
13C NMR (125 MHz, CDCl3): δ = 193.5, 155.7, 143.6, 130.0, 129.5, 129.2, 128.5, 114.8, 
59.3, 53.7, 37.6, 35.2, 33.3, 28.7, 25.0 ppm. HRMS (EI+): calcd. for C20H24N2O [M]
+ 
308.1889; found 308.1885. 
2-Benzyl-3,6,6-trimethyl-6,7-dihydro-2H-indazol-4(5H)-one (4f): Yield: 62%, 
yellowish solid. Rf = 0.48 (EtOAc/hexane, 1:1). 1H NMR (500 MHz, CDCl3): δ = 7.32–
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7.27 (m, 3 H), 7.11 (d, J = 7.0 Hz, 2 H), 5.24 (s, 2 H), 2.67 (s, 2 H), 2.49 (s, 3 H), 2.33 (s, 
2 H), 1.08 (s, 6 H) ppm. 13C NMR (125 MHz, CDCl3): δ = 195.1, 155.6, 141.6, 136.0, 
129.1, 128.2, 127.0, 115.6, 53.5, 52.8, 37.2, 35.3, 28.7, 11.0 ppm. HRMS (EI+): calcd. for 
C17H20N2O [M]
+ 268.1576; found 268.1571. 
2-Benzyl-3-ethyl-6,6-dimethyl-6,7-dihydro-2H-indazol-4(5H)-one (4g): Yield: 60%, 
yellow gel. Rf = 0.29 (EtOAc/hexane, 1:2). 1H NMR (500 MHz, CDCl3): δ = 7.33–7.27 (m, 
3 H), 7.11 (d, J = 7.0 Hz, 2 H), 5.27 (s, 2 H), 2.90 (q, J = 7.7 Hz, 2 H), 2.67 (s, 2 H), 2.33 
(s, 2 H), 1.08–1.06 (m, 9 H) ppm. 13C NMR (125 MHz, CDCl3): δ = 194.6, 155.8, 147.5, 
136.4, 129.0, 128.1, 126.9, 114.8, 53.5, 52.8, 37.2, 35.3, 28.7, 18.8, 13.1 ppm. HRMS (EI+): 
calcd. for C18H22N2O [M]
+ 282.1732; found 282.1734. 
2-Benzyl-6,6-dimethyl-3-phenyl-6,7-dihydro-2H-indazol-4(5H)-one (4h): Yield: 79%, 
yellowish solid. Rf = 0.35 (EtOAc/hexane, 1:2). 1H NMR (500 MHz, CDCl3): δ = 7.44–
7.37 (m, 5 H), 7.29–7.26 (m, 3 H), 7.05 (d, J = 7.0 Hz, 2 H), 5.23 (s, 2 H), 2.77 (s, 2 H), 
2.37 (s, 2 H), 1.13 (s, 6 H) ppm. 13C NMR (125 MHz, CDCl3): δ = 193.5, 156.2, 144.6, 
136.7, 130.0, 129.8, 128.9, 128.62, 128.60, 128.0, 127.2, 115.3, 53.7, 53.1, 37.4, 35.2, 28.7 
ppm. HRMS (EI+): calcd. for C22H22N2O [M]
+ 330.1732; found 330.1731. 
2-Benzyl-6,6-dimethyl-3-[4-(trifluoromethyl)phenyl]-6,7-dihydro-2H-indazol-
4(5H)-one (4i): Yield: 73%, yellowish solid. Rf = 0.38 (EtOAc/hexane, 1:2). 1H NMR (500 
MHz, CDCl3): δ = 7.68 (d, J = 8.0 Hz, 2 H), 7.49 (d, J = 8.0 Hz, 2 H), 7.32–7.27 (m, 3 H), 
7.04 (d, J = 6.5 Hz, 2 H), 5.23 (s, 2 H), 2.79 (s, 2 H), 2.39 (s, 2 H), 1.14 (s, 6 H) ppm. 13C 
NMR (125 MHz, CDCl3): δ = 193.6, 156.4, 142.8, 136.4, 132.2, 131.7 (q, 2JC,F = 32.4 Hz), 
130.5, 129.1, 128.2, 127.0, 125.6 (q, 3JC,F = 3.6 Hz), 124.0 (q, 1JC,F = 270.9 Hz), 115.7, 53.6, 
53.3, 37.3, 35.2, 28.6 ppm. HRMS (EI+): calcd. for C23H21F3N2O [M]
+ 398.1606; found 
398.1602. 
2-Benzyl-3-(4-methoxyphenyl)-6,6-dimethyl-6,7-dihydro-2H-indazol-4(5H)-one 
(4j): Yield: 53%, yellowish solid. Rf = 0.36 (EtOAc/hexane, 1:2). 1H NMR (500 MHz, CDCl3): 
δ = 7.33–7.25 (m, 6 H), 7.07 (d, J = 7.5 Hz, 2 H), 6.94 (d, J = 9 Hz, 2 H), 5.23 (s, 2 H), 
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3.84 (s, 3 H), 2.75 (s, 2 H), 2.37 (s, 2 H), 1.13 (s, 6 H) ppm. 13C NMR (125 MHz, CDCl3): 
δ = 193.5, 160.7, 156.2, 144.6, 136.9, 131.4, 128.9, 127.9, 127.1, 120.5, 115.0, 114.1, 55.5, 
53.8, 52.9, 37.4, 35.1, 28.7 ppm. HRMS (EI+): calcd. for C23H24N2O2 [M]
+ 360.1838; found 
360.1831. 
2-Benzyl-6,6-dimethyl-3-(thiophen-2-yl)-6,7-dihydro-2H-indazol-4(5H)-one (4k): 
Yield: 63%, yellowish solid. Rf = 0.39 (1:3, EtOAc/hexane). 1H NMR (500 MHz, CDCl3): δ 
= 7.50 (dd, J = 5.0, 1.0 Hz, 1 H), 7.33–7.27 (m, 4 H), 7.10–7.08 (m, 3 H), 5.38 (s, 2 H), 
2.76 (s, 2 H), 2.39 (s, 2 H), 1.13 (s, 6 H) ppm. 13C NMR (125 MHz, CDCl3): δ = 193.3, 
156.3, 137.5, 136.6, 130.9, 129.00, 128.97, 128.0, 127.9, 127.3, 127.0, 115.8, 53.8, 53.5, 
37.4, 35.1, 28.6 ppm. HRMS (EI+): calcd. for C20H20N2OS [M]
+ 336.1296; found 336.1296. 
2-Benzyl-6,6-dimethyl-3-(pyridin-4-yl)-6,7-dihydro-2H-indazol-4(5H)-one (4l): 
Yield: 63%, yellowish solid. Rf = 0.13 (EtOAc/hexane, 1:1). 1H NMR (500 MHz, CDCl3): δ 
= 8.69 (d, J = 5.5 Hz, 2 H), 7.31–7.27 (m, 5 H), 7.03 (dd, J = 7.8, 1.8 Hz, 2 H), 5.24 (s, 2 
H), 2.79 (s, 2 H), 2.39 (s, 2 H), 1.14 (s, 6 H) ppm. 13C NMR (125 MHz, CDCl3): δ = 193.5, 
156.4, 150.2, 141.3, 136.6, 136.2, 129.1, 128.3, 127.0, 124.3, 115.9, 53.6, 53.5, 37.2, 35.2, 
28.6 ppm. HRMS (EI+): calcd. for C21H21N3O [M]
+ 331.1685; found 331.1680. 
2-Benzyl-6,6-dimethyl-3-(quinolin-4-yl)-6,7-dihydro-2H-indazol-4(5H)-one (4m): 
Yield: 58%, dark yellow solid. Rf = 0.26 (EtOAc/hexane, 1:1). 1H NMR (500 MHz, CDCl3): 
δ = 8.94 (d, J = 4.0 Hz, 1 H), 8.18 (d, J = 8.5 Hz, 1 H), 7.74 (dt, J = 7.8, 1.0 Hz, 1 H), 
7.46 (dt, J = 7.8, 1.0 Hz, 1 H), 7.35–7.27 (m, 2 H), 7.23 (d, J = 4.5 Hz, 1 H), 7.18–7.14 (m, 
2 H), 6.85 (d, J = 7.0 Hz, 2 H), 5.15 (d, J = 15.5 Hz, 1 H), 4.91 (d, J = 15.0 Hz, 1 H), 2.85 
(s, 2 H), 2.36 (s, 2 H), 1.17 (s, 3 H), 1.16 (s, 3 H) ppm. 13C NMR (125 MHz, CDCl3): δ = 
193.2, 156.2, 149.8, 148.5, 139.3, 135.68, 135.66, 130.3, 130.1, 128.8, 128.2, 127.8, 127.5, 
126.4, 124.8, 122.6, 117.7, 54.0, 53.3, 37.3, 35.4, 28.8, 28.6 ppm. HRMS (EI+): calcd. for 
C25H23N3O [M]
+ 381.1841; found 381.1843. 
Supporting Information: Representative synthetic scheme for N-alkyl-3-substituted 
tetrahydroindazolones, measurement of regioisomeric ratio using 1H NMR and 1D NOE, 
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1H and 13C NMR spectroscopic data of all new compounds. 
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Chapter 2. Regioselective Construction      
and Screening of 1,3-Disubstituted 
Tetrahydroindazolones in Enantiomerically  
Pure Pairs 
 
H. Song; H. Lee; J. Kim; S. B. Park* ACS Comb. Sci. 2012, 14, 66-74. 
 
1.2.1. Introduction 
One of the great challenges in the field of chemical biology is the identification 
of novel small-molecule modulators that can specifically control the functions of gene 
products and elucidate the associated signaling pathways.13 In addition, small-molecule 
modulators can serve as perturbing agents in biomedical research to pinpoint the 
control of complex functions of biopolymers; this can help in the development of 
potential therapeutic agents.14 For the efficient and systematic identification of novel 
small-molecule modulators, there is a great demand for novel and structurally diverse 
chemical entities.15 The construction of drug-like small molecules with wide ranges of 
biological activities has therefore become an essential element of chemical biology and 
drug discovery.16 To address this issue, we have been focusing on the development of 
divergent and robust synthetic pathways, using diversity-oriented synthesis (DOS) 
strategies, for the systematic construction of a library of drug-like small molecules by 
creative reconstruction of polyheterocycles embedded with privileged substructures 
including benzopyrans,pyrroles, carbohybrids, and acetal-fused pyranopyrones; we 
named this approach a privileged-substructure-based diversity-oriented synthesis  
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Figure 1.2.1. Biologically active compounds containing indazole, indazolone, 
tetrahydroindazole, or N-acyl pyrrolidine moieties 
 
 
(pDOS).17 In addition, we have constructed various drug-like polyheterocycles, such as 
diazabicycles,18a tetrahydro--carbolines,18b oxopiperazines,18c and benzodiazepines,18d 
by developing simple and robust synthetic transformations from common cyclic 
iminium intermediates using a divergent approach; this provides the maximum 
molecular diversity with the minimum number of linear synthetic steps. Our collection 
of drug-like polyheterocycles has been subjected to various biological evaluations and 
yielded novel small-molecule modulators such as agonists of the estrogen-related 
receptor γ19a, an osteogenic agent,19b inhibitors of RANKL-induced 
osteoclastogenesis,19c an activator of AMP-activated protein kinase,19d and antagonist 
of androgen receptors.19e 
As a continuation of our efforts to construct novel molecular frameworks, we 
aimed to develop a practical and regioselective synthetic route to tetrahydroindazolone, 
a privileged structural motif that is frequently found in bioactive natural products and 
therapeutic agents.20 As shown in Figure 1.2.1, indazole and indazolone derivatives are 
attractive structural motifs because of their various biological activities such as anti-
23
inflammatory, antibacterial, and anticancer activities.21 In particular, 
tetrahydroindazolone was recently recognized as an important pharmacophore because 
of its excellent biological activity as a potent inhibitor of heat-shock protein 90 (HSP90) 
and is currently in phase III clinical trials.20, 22 Despite the proven importance of 
tetrahydroindazolone derivatives in biomedical research, a robust and efficient synthesis 
of such compounds remains a challenge because of the difficulties of regiochemical 
control. The general procedure for regioselective synthesis of tetrahydroindazolones is 
a simple condensation of 2-acylcyclohexane-1,3-diones with substituted arylhydrazines. 
This is because of the inherent differences between the nucleophilicities of the two 
nitrogens in arylhydrazines,20, 23 but this is not the case with alkylhydrazines.24 To address 
this problem, we recently reported a regioselective pathway for the synthesis of 
complementary regioisomers of 1,2- and 1,3-disubstituted tetrahydroindazolones by 
the sequential protection and deprotection of substituted hydrazines.25 We also 
reported a practical solid-phase synthetic pathway for 1,3-disubstituted 
tetrahydroindazolones.26 
Herein, we report a practical pathway for the regioselective synthesis of 1,3-
substituted tetrahydroindazolones with broad substrate scopes including 
alkylhydrazines as well as arylhydrazines. In this study, we achieved regioselectivity by 
the introduction of bulky N-Boc-pyrrolidine residues on 2-acylcyclohexane-1,3-done; 
this provides sufficient steric hindrance to give regioselectivity, irrespective of the 
substitutents on the hydrazines. In addition, the introduction of an N-Boc-pyrrolidine 
moiety on tetrahydroindazolone might enhance possible interactions with biopolymers 
because pyrrolidine is frequently observed in various bioactive small molecules such as 
antihyperglycemic agents27a, 27b and angiotensin-converting enzyme (ACE) inhibitors27c 
(Figure 1.2.1). Finally, we aimed to maximize the molecular diversity through the 
systematic N-modification on the pyrrolidine moiety and preparation of enantiomeric 
pairs (R/S) of tetrahydroindazolone derivatives, by using either L- or D-proline, for the 
study of stereochemical diversity. 
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1.2.2. Result and discussion 
Most regioselective syntheses of tetrahydroindazolone derivatives are achieved 
by simple condensation of 2-acylcyclohexane-1,3-diones with substituted hydrazines 
through the different nucleophilicities of the two nitrogens on the substituted 
hydrazines.20, 22, 23 In the case of arylhydrazines, the internal nitrogen atom is much less 
nucleophilic than the external one as a result of conjugation of the lone-pair electrons 
on the internal nitrogen in the aromatic ring system; this leads to the regioselective 
synthesis of 1,3-disubustituted tetrahydroindazolones. In the case of alkylhydrazines, 
however, regiochemical control in the synthesis of 1,3-disubstituted 
tetrahydroindazolones is quite difficult to achieve because the nucleophilicities of the 
two nitrogens on alkylhydrazines are indistinguishable. 
A different strategy is therefore needed for robust synthesis of 1,3-
disubstituted tetrahydroindazolones i.e., one which does not depend on the native 
nucleophilicities of the substituted hydrazines and which has broad scope for substrate 
generality. First, we tested the regioisomeric ratios of simple condensations between 
substituted hydrazines 1 and various 2-acylcyclohexane-1,3-diones 2. As shown in 
Figure 1.2.2, conventional heating in protic solvents allows the formation of 
disubstituted tetrahydroindazolones in different regioisomeric ratios; this was 
monitored by 1H and one-dimensional nuclear Overhauser effect (1D NOE) NMR. 
However, poor regioselectivity was observed in the case of alkylhydrazines. For example, 
the condensation of methylhydrazine with 2-acetylcyclohexane-1,3-dione provides an 
almost 1:1 mixture (53:47) of 1,3- and 1,2-disbustituted regioisomers. In this experiment, 
we paid particular attention to the linear correlation of the steric hindrance at the R2 
position on the 2-acylcyclohexane-1,3-diones 2 with regioselectivity for 1,3-
disubstituted tetrahydroindazolones.25 For a cyclohexyl moiety at the R2 position on 2, 
we only observed single regioisomers, except with the smallest possible substituent at 
the R1 position on the substituted hydrazine, i.e., methylhydrazine, in which the 1,3-
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isomer was preferred over the 1,2-isomer (86:14). We therefore believed that we could 
control the regioselectivity for 1,3-disubstituted tetrahydroindazolones, irrespective of 
the substituents at the R1 position on the alkyl- or arylhydrazines, using cyclohexyl or 
equivalent substituents at the R2 position on the 2-acylcyclohexane-1,3-diones. Bulkier 
substituents at the R1 position on alkylhydrazines also allow some regioselectivity for 
the synthesis of 1,3-disubstituted tetrahydroindazolones. However, this regioselectivity 
is not high enough except for the limited cases such as cyclopentylhydrazines or 
alkylhydrazines with equivalent substituents, which makes this approach impractical for 
high throughput synthesis. In the case of arylhydrazines, excellent regioselectivity was 
obtained, irrespective of the R2 substituents on the 2-acylcyclohexanes-1,3-diones, as 
expected (see full data set in the Supporting Information). 
 
Figure 1.2.2. Regioisomeric ratioa of tetrahydroindazolones via conventional 
condensation of various hydrazines 1 and 2-acylcyclohexane-1,3-diones 2 
 
aRegioisomeric ratios were determined by 1H NMR spectroscopic analysis of samples after purification 
via silica-gel flash column chromatography. 
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These experiments clearly showed that the condensation of substituted 
hydrazines 1 with 2-acylcyclohexane-1,3-diones 2 is strongly influenced by steric 
hindrance at the R2 position of the 2-acylcyclohexane-1,3-diones. On the basis of these 
observations, we designed a regioselective synthetic pathway for 1,3-disubstituted 
tetrahydroindazolone derivatives by introducing a bulky substituent, namely an N-Boc-
protected pyrrolidine ring, at the R2 position on 2-acylcyclohexane-1,3-diones 2. As well 
as achieving regioselectivity, N-Boc-protected pyrrolidines introduced into 1,3-
disubstituted tetrahydroindazolones can be used for further N-modification, after Boc 
deprotection, to maximize the molecular diversity of the resulting small-molecule library. 
In addition, we might expect an improvement in the possibility of interactions with 
biopolymers and the subsequent discovery of bioactive small molecules because N-
acylpyrrolidine moieties are also recognized as privileged substructures and are 
frequently observed in many bioactive natural products and therapeutic agents.28  
The introduction of N-Boc-protected pyrrolidine on 2-acylcyclohexane-1,3-  
 
Scheme 1.2.1. Regioselective synthetic pathway for 1,3-disubstituted 
tetrahydroindazolones using hydrazines 1 and 2-(hydroxy(N-Boc-pyrrolidin-2-
yl)methylene)-5,5-dimethylcyclohexane-1,3-dione 3 
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diones was achieved by 4,4-dimethylaminopyridine(DMAP)-mediated coupling of 5,5-
dimethylcyclohexane-1,3-dione with Boc-protected L-proline in the presence of 1-ethyl-
3-(3-dimethylaminopropyl)carbodiimide (EDC). We then validated the regioselectivity of 
this synthetic strategy using 2-(hydroxy(N-Boc-pyrrolidin-2-yl)methylene)-5,5-
dimethylcyclohexane-1,3-dione 3 and benzyl hydrazine 1d. The simple condensation of 
3 at 60 °C in EtOH solution allows the regioselective formation of 1,3-disubstituted 
tetrahydroindazolones 4, and was consistent for various alkylhydrazines, including n-
hexyl (4a), 2-methoxyethyl (4b), 1-acetylpiperidin-4-yl (4c), and 2-pyridylmethyl (4e), 3-
pyridylmethyl (4f), 2-amino-2-oxoethyl (4g), cyclopentyl (4h),  as well as for 
arylhydraiznes (4i–4k in Scheme 1.2.2). The regiochemistry was confirmed by 1D NOE 
experiments after Boc deprotection in 20% trifluoroacetic acid (TFA);  this 
demonstrated the clear correlations between protons at the C7 and C1’ positions in the 
1,3-disubstituted tetrahydroindazolones 6 (see Supporting Information). We concluded 
that this regioselective strategy can be widely applied and has a broad scope for 
substrate generality at the R1 position of hydrazines for the synthesis of 1,3-
disubstituted tetrahydroindazolones. 
After establishing the regioselective synthetic pathway for 1,3-disubstituted 
tetrahydroindazolones with a broad scope for substituted hydrazines, we focused on 
further diversification of tetrahydroindazolones as key intermediates for maximizing 
molecular diversity. As shown in Scheme 1.2.2, the introduction of various substituents 
at the R1 position can be achieved using various hydrazines, including alkyl- and 
arylhydrazines. The resulting tetrahydroindazolone derivatives were further diversified 
through N-modification at the pyrrolidine secondary amine as follows: (i) amide 
formation with various carboxylic acids, (ii) urea or thiourea formation with isocyanates 
or isothiocyanates, and (iii) sulfonamide formation with sulfonyl chlorides (Scheme 
1.2.2). For convenient and efficient N-modification, we adopted solution-phase parallel 
synthesis using polymer-supported reagents. 
First, amide formation was achieved by direct incubation of the free secondary 
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amine on the pyrrolidine moiety of tetrahydroindazolones 6 in dicholoroethane (DCE) 
for 24 h at room temperature with activated esters on an HOBt-6-carboxaminomethyl 
polystyrene support generated by treatment of carboxylic acid in the presence of N,N’-
diisopropylcarbodiimide (DIC), DMAP, and diisopropylethylamine (DIPEA) in 
dimethylformamide (DMF) for 4 h at room temperature. As shown in Table 1.2.1, we 
successfully generated 128 tetrahydroindazolone derivatives 7 via pyrrolidine 
modification of 16 different tetrahydroindaozlones 6, with amide formation using eight 
different carboxylic acids that included alkyl, aryl, acrylic, and heterocyclic substitutents. 
The resulting compounds 7 had excellent purities without further purification; the 
overall purity was 95.6% (Table 1.2.1). 
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Table 1.2.1. Building blocks and puritiesa of 7{R/S,R1,R2} produced via N-modification 
(I): amide formation with activated esters on HOBt resin using solution-phase parallel 
synthesis
 
 7{R/S,R1,R2} R2 
        
a b c d e f g h 
7{S,R1,R2} 
R1 
1 n-Hexyl  99.5 86.8 85.3 97.6 93.8 93.8 93.2 88.8 
2 2-Methoxyethyl  99.6 96.5 97.9 99.6 99.5 99.7 98.6 98.8 
3 1-Acetylpiperidin-4-yl  93.1 84.7 84.0 95.5 95.5 96.5 97.4 97.4 
4 Benzyl  95.3 93.0 96.9 98.5 90.3 98.8 99.7 90.8 
5 2-Pyridylmethyl  99.4 98.7 99.18 98.5 96.8 99.2 96.4 94.9 
7{R,R1,R2} 
R1 
1 n-Hexyl  97.1 92.2 98.2 99.8 98.9 98.2 99.0 99.0 
2 2-Methoxyethyl  99.5 96.6 96.0 97.7 98.3 97.6 96.7 99.2 
3 1-Acetylpiperidin-4-yl  95.6 87.6 85.6 97.5 98.6 97.0 94.1 94.2 
4 Benzyl  92.5 92.1 94.8 98.1 92.9 93.6 96.5 97.4 
5 2-Pyridylmethyl  98.3 99.2 92.4 98.7 96.9 97.8 97.6 98.3 
7{S,R1,R2} 
R1 
6 3-Pyridylmethyl  98.3 98.2 96.0 98.0 98.0 95.2 99.4 95.7 
7 2-Amino-2-oxoethyl  90.1 95.9 97.6 98.3 97.4 95.9 91.7 94.3 
8 Cyclopentyl  97.8 89.9 82.5 98.0 92.9 98.1 96.7 97.2 
9 Phenyl  99.6 94.7 81.8 92.1 95.7 94.4 95.6 93.7 
10 4-Methoxyphenyl  98.7 98.2 89.8 99.0 98.2 98.4 94.9 93.5 
11 4-Trifluoromethylphenyl  92.7 93.6 93.8 95.4 93.9 90.2 96.0 93.0 
aPurities were obtained by PDA-based LC/MS analysis of final products without further purification 
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Table 1.2.2. Building blocks and puritiesa of 8{R/S,R1,R2} produced via N-modification 
(II): urea/thiourea formation with isocyanates/isothiocyanates and subsequent 
scavenging with trisamine resin 
 
 8{R/S,R1,R2} R2 
     




1 n-Hexyl  92.3 95.6 92.2 92.2 98.6 
2 2-Methoxyethyl  94.4 97.6 98.0 97.8 97.8 
3 1-Acetylpiperidin-4-yl  99.4 96.9 93.0 97.0 96.1 
4 Benzyl  91.3 97.0 94.7 98.2 96.8 




1 n-Hexyl  98.4 94.7 93.0 95.4 96.1 
2 2-Methoxyethyl  95.8 98.7 98.7 95.7 94.3 
3 1-Acetylpiperidin-4-yl  99.2 95.5 98.6 95.3 93.9 
4 Benzyl  96.3 96.0 96.5 92.6 97.0 




6 3-Pyridylmethyl  94.6 92.1 93.9 98.6 97.1 
7 2-Amino-2-oxoethyl  91.7 95.8 90.0 96.6 97.0 
8 Cyclopentyl  91.2 95.2 94.3 97.4 97.9 
9 Phenyl  94.9 97.9 96.9 90.7 97.9 
10 4-Methoxyphenyl  95.9 95.3 97.2 95.8 98.4 
11 4-Trifluoromethylphenyl  91.4  90.0 84.6 95.8 87.0 
aPurities were obtained by PDA-based LC/MS analysis of final products without further purification 
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Table 1.2.3. Building blocks and puritiesa of 9{R/S,R1,R2} produced via N-modification 
(III): sulfonamide formation using sulfonyl chlorides and subsequent scavenging with 
trisamine resin 
 












1 n-Hexyl  90.5 90.5 92.1 92.2 
2 2-Methoxyethyl  93.1 92.7 94.3 83.6 
3 1-Acetylpiperidin-4-yl  95.1 99.0 95.4 86.6 
4 Benzyl  94.9 96.9 93.0 92.1 




1 n-Hexyl  90.8 90.1 90.1 87.1 
2 2-Methoxyethyl  94.5 94.6 97.8 92.8 
3 1-Acetylpiperidin-4-yl  92.2 96.1 88.2 94.8 
4 Benzyl  96.4 98.8 97.7 92.5 




6 3-Pyridylmethyl  88.2 92.5 98.9 89.1 
7 2-Amino-2-oxoethyl  88.2 93.9 95.5 89.4 
8 Cyclopentyl  93.4 91.7 90.9 92.3 
9 Phenyl  94.1 94.0 91.1 93.5 
10 4-Methoxyphenyl  97.1 96.7 96.2 95.6 
11 4-Trifluoromethylphenyl  97.4 98.0 96.3 92.4 
aPurities were obtained by PDA-based LC/MS analysis of final products without further purification 
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Urea/thiourea formation and sulfonamide formation were also pursued by 
solution-phase parallel synthesis using polymer-supported scavengers to remove excess 
N-modification reagents. The 1,3-disubstituted tetrahydroindazolone intermediates 6 
were treated with an excess of isocyanates or isothiocyanates and sulfonyl chlorides in 
DCE containing triethylamine (TEA) at room temperature; this provided the desired 
ureas or thioureas and sulfonamides, respectively. Excess N-modification reagents were 
then removed by tris-(2-aminoethyl)amine (TAEA) polystyrene scavenger resin in DCE 
for 24 h at room temperature. Initially, we pursued the N-modification of pyrrolidines 
with isocyanates or isothiocyanates in the absence of an organic base; this required a 
higher temperature (80 °C) and a longer time (12–24 h) to achieve full conversion of 
the starting materials. These initial conditions with an elevated temperature gave 
moderate yields, and an undesired aza-Cope rearrangement was observed in the case 
of allyl isothiocyanate (data not shown); this led us to N-modification in the presence 
of an organic base under much milder conditions (2.5 h at room temperature). As 
shown in Table 1.2.2, we successfully generated 80 tetrahydroindazolone derivatives 8 
with urea or thiourea moieties by modification with three different isocyates and two 
different isothiocyanates, respectively, with an overall purity of 95.5%.  
In the case of sulfonamide formation, we successfully generated 64 1,3-
disubstituted tetrahydroindazolones 9 with sulfonamide moieties, with an overall purity 
of 93.7%, without further purification, by treatment of four different sulfonyl chlorides 
in the presence of TEA at room temperature, followed by removal of excess reagents 
via incubation with TAEA polystyrene resins for 24 h at room temperature (Table 1.2.3). 
It is worth mentioning that we constructed a 1,3 -disubst ituted 
tetrahydroindazolone library containing a series of enantiomeric pairs, synthesized as 
a single enantiomer, because we believe that stereochemical diversity is relatively 
unexplored among the diversity elements in the DOS approach, and that the systematic 
construction of enantiomeric pairs might provide information regarding the importance 
of stereochemical outcomes in molecular interactions with various biopolymers. In fact, 
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most biopolymers, including proteins, DNA, RNA, and polysaccharides, are in chiral 
environments and they should have clear preferences for a particular stereochemistry 
of their small-molecule partners. Once we can access a systematic collection of 
enantiomeric pairs having identical physical and chemical properties, we can explore 
the importance of a single chiral center in biological environments through various 
bioevaluations. There are sporadic reports in the literature,29 but systematic studies are 
still rare. To address this unmet need, we constructed a library of enantiopure 1,3-
disubstituted tetrahydroindazolones; the library contained 40 enantiomeric pairs from 
7{S,1,a} to 7{R,5,h}, 25 pairs from 8{S,1,a} to 8{R,5,e}, and 20 pairs from 9{S,1,a} to  
 









aCell proliferative data was measured by WST-1 assay upon treatment with representative compounds 




 = 6.64 μM IC
50
 = 6.71 μM IC50 = 6.51 μM 
8{R,1,e} 8{S,1,e} 8{R,1,d} 8{S,1,d} 
34
9{R,5,d}. The (S) enantiomer sets were derived from L-proline for the synthesis of 2- 
activitiesa against HeLa human cervical cancer cells. (hydroxy(N-Boc-pyrrolidin-2-
yl)methylene)-5,5-dimethylcyclohexane-1,3-dione 3, and the (R) enantiomer sets were 
derived from D-proline for the synthesis of the key intermediates 3. The resulting 272-
membered tetrahydroinazolone library with 85 enantiomeric pairs was subjected to 
biological evaluation to seek potential activities based on their structures and chiralities. 
In this context, our tetrahydroindazolone derivatives were treated against HeLa human 
cervical cancer cells. The compound- induced inhibition of cell proliferation was 
measured by monitoring mitochondrial activity with 4-[3-(4-idophenyl)-2-(4-
nitrophenyl)-2H-5-tetrazolo]-1,3-benzene disulfonate (WST-1, cell proliferation assay 
reagent) upon treatment with the compounds in the concentration range 100 nM to 
20 μM for 72 h. As show in Figure 1.2.3, we observed interesting patterns of 
antiproliferative activity toward HeLa cells among the enantiomer sets. For example, the 
enantiomeric pair, 8{R,1,e} and 8{S,1,e}, show similar antiproliferative activities (IC50 = 
6.64 μM and 6.71 μM, respectively). On the other hand, a different enantiomeric pair, 
8{R,1,d} and 8{S,1,d}, show totally different activities: compound 8{R,1,d} shows some 
cytotoxicity toward HeLa cells (IC50 = 6.51 μM), but the enantiomer 8{S,1,d} has no 
cytotoxic activity, even at the highest treatment concentration (20 μM). This observation 
indicates the importance of stereochemical diversity, and that we might be missing 
much information regarding dependence on compound chirality in various biological 
evaluations (see Supporting Information for viability data of whole library compounds). 
 
1.2.3. Conclusion 
In this study, we developed a practical and robust strategy for regioselective 
synthesis of 1,3-disubstituted tetrahydroindazolone derivatives by introduction of steric 
hindrance using a Boc-protected pyrrolidine ring on 2-acylcyclohexane-1,3-diones 2. 
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As a result of this steric hindrance, we successfully controlled the regioselectivity of 1,3-
disubstituted tetrahydroindazolones with a broad scope for substrate generality for 
substituted hydrazines, including alkylhydrazines. The pyrrolidine moiety can also serve 
as a privileged substructure in the resulting tetrahydroindazolone derivatives; this might 
increase the probability of potential interactions with various biopolymers for the 
discovery of novel bioactive small molecules. We particularly focused on constructing 
a library of enantiopure tetrahydroindazolone derivatives and the preparation of 85 
enantiomer pairs, simply by the introduction of chiral pyrrolidine from L-/D-proline. To 
maximize the molecular diversity and process efficiency, we pursued the systematic N-
modification of pyrrolidine secondary amine using solution-phase parallel synthesis in 
conjunction with polymer-supported reagents. Finally, we constructed a 272-membered 
1,3-disubstituted tetrahydroindazolone library containing 85 enantiomeric pairs, 
without further purification, with an average purity of 95.1%. In our preliminary 
biological evaluations, a series of enantiopure tetrahydroindazolone derivatives showed 
dramatic differences in their antiproliferative activity toward HeLa cells, depending on 
the differences in their stereochemistries; this emphasizes the importance of 
stereochemical diversity in library construction using combinatorial chemistry or 
diversity-oriented synthesis. Further biological evaluations of the resulting 
tetrahydroindazolones will be reported in due course. 
 
1.2.4. Experimental Procedures 
General information. All commercially available reagents and solvents were used 
without further purification unless noted otherwise. All solvents were purchased from 
commercial suppliers. HOBt-6-carboxamiomethyl polystyrene (PS-HOBt) and tris-(2-
aminoethyl)-amine polystyrene (PS-trisamine) were purchased from Novabiochem. 
Analytical thin-layer chromatography (TLC) was performed using 0.25-mm silica-gel-
coated Kiselgel 60 F254 plates and the components were visualized by observation under 
36
UV light (254 nm and 365 nm) or by treating the plates with ninhydrin followed by 
thermal visualization. 1H, 13C, and 1D NOE NMR spectra were obtained using a Varian 
Inova-500 (Varian, Palo Alto, CA, USA). Chemical shifts were reported in parts per million 
from tetramethylsilane (TMS) as internal standard or the residual solvent peak (CDCl3, 
1H: 7.26, 13C: 77.23; (CD3)2SO, 
1H: 2.50, 13C: 39.52). Multiplicities were indicated as follows: 
s (singlet); d (doublet); t (triplet); q (quartet); m (multiplet); dd (doublet of doublets); dt 
(doublet of triplets); td (triplet of doublets); bs (broad singlet). Coupling constants were 
reported in hertz. The purities of all the library members were determined using an 
LC/MS system equipped with a reverse-phase column (C-18, 50 × 2.1 mm, 5 µm) and 
a photodiode array (PDA) detector using electron spray ionization (ESI). 
tert-Butyl 2-((4,4-dimethyl-2,6-dioxocyclohexylidene)(hydroxy)methyl)pyrrolidine-
1-carboxylate (3). To a solution of (2S)-1-(tert-butoxycarbonyl)-2-pyrrolidine carboxylic 
acid (N-Boc-L-proline) or (2R)-1-(tert-butoxycarbonyl)-2-pyrrolidinecarboxylic acid (N-
Boc-D-proline) (1.2 equiv.), 4-dimethylaminopyridine (DMAP) (1.0 equiv.), and 1-ethyl-
3-(3-dimethylaminopropyl)carbodiimide (EDC) (1.3 equiv.) in anhydrous 
dichloromethane (DCM) (0.1 M), dimedone (1.0 equiv.) was added and the reaction 
mixture was stirred for several hours under an argon atmosphere. After complete 
consumption of the starting materials, monitored by TLC, the reaction mixture was 
diluted with ethyl acetate (EA) and washed twice with saturated NH4Cl (aq). The 
combined organic layer was dried over anhydrous Na2SO4, filtered, and condensed 
under reduced pressure. Silica-gel flash column chromatography provided the desired 
product 3 (68.4%) as a mixture of rotamers (43:57).  
General synthetic procedure for (S)-6,6-dimethyl-3-(N-Boc-pyrrolidin-2-yl)-1,3-
disubstituted tetrahydoindazolones (4). To a 0.1 M solution of (S)-tert-butyl-2-((4,4-
dimethyl-2,6-dioxocyclohexylidene)(hydroxy)methyl)pyrrolidine-1-carboxylate 3 (1.0 
equiv.) in ethanol, hydrazine 1 (1.2 equiv.) was added and the resulting mixture was 
stirred at 60 °C. After complete consumption of the starting materials, the reaction 
mixture was concentrated under reduced pressure and purified by silica-gel flash 
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column chromatography to give the desired products 4. 
General synthetic procedure for (S)-6,6-dimethyl-3-(pyrrolidin-2-yl)-1,3-
disubstitued terahydroindazolone (6). 0.1 M solution of (S)-6,6-dimethyl-3-(N-Boc-
pyrrolidin-2-yl)-1,3-disubstituted tetrahydroindazolone 4 in 20% trifluoroacetic acid in 
DCM was stirred at room temperature. After complete consumption of the starting 
materials, monitored by TLC, the reaction was quenched by the addition of saturated 
NaHCO3 solution and extracted three times with DCM. The combined organic layer was 
dried over Na2SO4 (s). The filtrate was condensed under reduced pressure and purified 
by silica-gel flash column chromatography to provide 6. 
General procedure for the solution-phase parallel synthesis of compounds 7, 8, and 
9. 
A. Amide formation for 7{S,1,a}–7{S,11,h} (128 compounds). PS-HOBt resin (90 mg, 
loading level 1.1 g/mol) was loaded in individual wells of a 96-deep-well filtration block. 
Eight different carboxylic acids (3.5 equiv.) in 0.6 mL of a DMF solution of N,N'-
diisopropylcarbodiimide (7.0 equiv.), diisopropylethylamine (7.0 equiv.), and 4-
dimethylaminopyridine (0.2 equiv.) were added to the designated wells of the reaction 
block. The reaction block was sealed and incubated for 4 h at room temperature in a 
rotating oven (Robbins Scientific). The resulting resin was thoroughly washed four times 
with dichloromethane. Then, 16 Boc-deprotected tetrahydroindazolone intermediates 6 
(11 mg) in 0.6 mL of DMF were added to the designated wells charged with individual 
activated esters on PS-HOBt resin. The reaction block was sealed and incubated for 24 
h at room temperature in a rotating oven. The final products were collected by removal 
of excess activated-ester-bound PS-HOBt resins via filtration and condensing the filtrate 
in vacuo using a GeneVac (Thermo Savant). The crude products (7{S,1,a}–7{S,11,h}) 
were directly analyzed by LC/MS without further purification. 
B. Urea and thiourea formation for 8{S,1,a}–8{S,11,e} (80 compounds). Sixteen 
different Boc-deprotected tetrahydroindazolone intermediates 6 (11 mg) and 
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triethylamine (2 equiv.) were dissolved in 1,2-dichloroethane (0.3 mL) and added to a 
96-deep-well filtration block. Three isocyanates and two isothiocyanates were added to 
the designated wells of the reaction block. The reaction block was sealed and incubated 
for 2.5 h at room temperature in a rotating oven. After completion of the reaction, 
tris(2-aminoethyl)amine polystyrene scavenger resin (6.0 equiv., loading level ≥ 2.2 
mmol/g) was added to each well and incubated for an additional 24 h at room 
temperature. After removal by filtration of the tris(2-aminoethyl)amine polystyrene resin, 
the filtrate was condensed in vacuo using a GeneVac. The crude products (8{S,1,a}–
8{S,11,e}) were directly analyzed by LC/MS without further purification. 
C. Sulfonamide formation for 9{S,1,a}–9{S,11,d} (64 compounds). Sixteen different 
Boc-deprotected tetrahydroindazolone intermediates 6 (11 mg) in a solution of 1,2-
dichloroethane (0.4 mL) containing triethylamine (1.5 equiv.) were dispensed into a 96-
deep-well filtration block. Four different sulfonyl chlorides were added to the 
designated wells and the reaction block was sealed and incubated for 2 h at room 
temperature in a rotating oven. After completion of the reaction, tris(2-
aminoethyl)amine polystyrene scavenger resin (10.0 equiv., loading level ≥ 2.2 mmol/g) 
was added to each well and incubated for an additional 24 h at room temperature. 
After removal by filtration of the tris(2-aminoethyl)amine polystyrene resin, the filtrate 
was condensed in vacuo using a GeneVac. The crude products (9{S,1,a}–9{S,11,d}) were 
directly analyzed by LC/MS without further purification. 
Cell Proliferation Assay HeLa human cervical cancer cells were cultured in RPMI 1640 
media containing 10% fetal bovine serum (FBS) and 1% antibiotic-antimycotic solution. 
HeLa cells (2000 cells per well) in a 96-well plate were incubated at 37 °C in an 
atmosphere of 5% CO2 and 95% air for 72 h. The cells were treated with various 
concentrations of individual compounds from 1,3-disubstituted tetrahydroindazolone 
library using pin tool. After 72 h incubation, 10 µL of EZ-Cytox cell viability assay kit 
solution (pre-mixed WST-1 cell proliferation assay reagent, Daeil lab service, Seoul, 
Korea) was added to each well and incubated for additional 1 h. The reduction of 
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tetrazolium salts to formazan by the inhibition of metabolic activity in mitochondria 
was quantified by measuring the absorbance at 455 nm using Synergy™ HT multi-
mode microplate reader. 
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1.3.1. Introduction 
The importance of molecular diversity has been clearly recognized to identify 
specific bioactive small molecules for the understanding of mysterious biological 
processes, which is the core of a new interdisciplinary research area, chemical biology.30 
Since the completion of the Human Genome Project in 2003, biomedical research 
communities have been focusing on the elucidation of gene functions and the 
associated control of gene products through the perturbation upon treatment with 
small-molecule modulators.31 The discovery of specific small-molecule modulators can 
lead to the development of potential therapeutic agents.32 In addition, they can serve 
as a biomedical research tool to elucidate a wealth of information about complex 
functions of biopolymers.33 For the efficient and systematic identification of bioactive 
small molecules, there is a great demand for the construction of a drug-like compound 
library with molecular diversity, such as skeletal, stereochemical, and building-group 
diversity.34 
To address this unmet need, the organic chemistry community has developed 
a new algorhythm for the construction of small-molecule libraries containing natural 
product-like or drug-like skeletons through combinatorial chemistry and diversity-
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oriented synthesis (DOS).34 In fact, the practical application of solid-phase organic 
synthesis has fundamentally changed the thinking process for efficient production of a 
large number of small molecules due to its advantages, such as simple purification, 
easy manipulation, amenability to automation, and enforced reaction completion when 
using a large excess of reagents. Therefore, the development of a new synthetic 
procedure using solid-phase parallel synthesis can facilitate the rapid construction of a 
small molecule library with diverse core skeletons. We have been working on the 
construction of drug-like polyheterocycle libraries embedded with privileged 
substructures including benzopyrans,35 pyrroles,36 carbohybrids,37 and acetal-fused 
pyranopyrones.38 Our research group has also developed a practical solid-phase parallel 
strategy for the divergent synthesis of skeletally diversified polyheterocycles, such as 
diazabicycle,39 Δ5-2-oxopiperazine,40 tetrahydro-β-carboline,41 and tetrahydro-1,4-
benzodiazepine42 from in situ generated cyclic iminiums as a common intermediate. All 
these molecular frameworks are derived from the structures of bioactive natural 
products or therapeutic agents and the pilot libraries embedded with these core 
skeletons were constructed through solid-phase parallel synthesis with high purities 
and molecular diversity. 
As a continuation of our endeavor in molecular diversity using diversity-
oriented synthesis, we recognized tetrahydroindazolone as an important 
pharmacophore. For example, SNX-2112, which contains a tetrahydroindazolone moiety, 
is reported as a selective antitumor agent with oral bioavailability through the 
competitive binding at the adenosine triphosphate (ATP) binding site in the N-terminal 
domain of heat shock protein 90 (HSP90). HSP90 is one of the most abundant proteins 
in cells and is known to associate with the non-native structure and maturation of many 
cellular proteins, that’s why it is called a molecular chaperone.43 In cancerous cells, a 
number of proteins, including various growth factor receptors and signaling proteins, 
are overexpressed and the stabilization of these mutant proteins are critically regulated 
by HSP90.44 Therefore, the inhibition of HSP90 is one of the validated approaches for 
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the treatment of various kinds of cancers.45 There are many reports regarding HSP90 
inhibitors including geldanamycin,46 its analogues (17-AAG and 17-DMAG),47 radicicol,48 
CNF-2024,49 etc. SNX-2112 is currently in phase III clinical trials,50 which validates the 
importance of tetrahydroindazolone as a key pharmacophore in biomedical research. 
However, the systematic exploration of chemical space around privileged 
tetrahydroindazolones has not yet been extensively pursued. Furthermore, we were 
interested in the diversification of tetrahydroindazolone-based core skeletons with the 
preservation of its validated molecular frameworks. Therefore, we developed a practical 
procedure for the synthesis of tetrahydroindazolone with excellent regioselectivity and 
accomplished the construction of a novel tetrahydroindazolone library containing three 
unique core skeletons by using solid-phase parallel synthesis. 
 
1.3.2. Result and discussion 
Tetrahydroindazolones have been generally obtained through the simple 
condensation of 2-acylcyclohexane-1,3-dione (3) with substituted hydrazine, but the 
regioselectivity of this synthetic method is limited by its narrow scope of acceptable 
hydrazine substrates (Scheme 1.3.1).51 As reported in the literature, arylhydrazines 1 
have been commonly used for the regioselective synthesis of 1-
aryltetrahydroindazolones 4 because arylhydrazines have an adequate chemical 
property to control the regiochemistry: the terminal nitrogen atom of arylhydrazines 1 
is more nucleophilic than its internal nitrogen atom because of the conjugation of lone 
pair electrons at the internal nitrogen atom to the aromatic ring system. Therefore, 1-
aryl-substituted tetrahydroindazolones 4 can be synthesized through the condensation 
of 3 and 1 without the formation of 2-aryl-substituted tetrahydroindazolones 5. 
In contrast, the regioselective synthesis of alkyl-substituted 





Scheme 1.3.1. (a) General syntheses of tetrahydroindozolones involve (left) the condensation of 
1 and 3 to form 1-aryl-3-substituted tetrahydroindazolones 4 with good regioselectivity, and 
(right) the condensation of alkylhydrazines 2 with 3 to form N-alkyl-3-substituted 
tetrahydroindazolones 6 and 7 with no regioselectivity. (b) Orthogonal regioselective synthesis 
of N-alkyl-3-substituted tetrahydroindazolones 6 and 7 using Boc-protected alkyl hydrazines 8.23 
Boc=tert-butoxycarbonyl. 
 
zines 2 because of the similar nucleophilicities of the two nitrogen atoms in 
alkylhydrazines. To overcome this limitation, we previously developed a divergent 
strategy for the orthogonal synthesis of complementary regioisomers, 1-alkyl-3-
substituted tetrahydroindazolones (6) and 2-alkyl-3-substituted tetrahydroindazolones 
(7) from Boc-protected alkylhydrazines 8 (see Scheme 1.3.1).52 The key feature of this 
strategy is the differentiation of nucleophilicity of two internal nitrogen atoms in 
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alkylhydrazines through the selective protection of the internal nitrogen atom with a 
tert-butoxycarbonyl (Boc) group, which allows the selective formation of enehydrazines 
or intermediate 9 followed by the acid-catalyzed deprotecion of the Boc group and 
subsequent intra- or intermolecular cyclization. This divergent strategy fully controls 
the regioselective synthesis of N-alkyl-3-substituted tetrahydroindazolones. However, 
this novel synthetic method requires strongly acidic conditions under microwave 
irradiation, which are difficult to be applied for the practical construction of a drug-like 
small-molecule library containing tetrahydroindazolones when using a solid-phase 
parallel synthesis platform. 
For the systematic construction of the tetrahydroindazolone library, we 
pursued the development of a divergent solid-phase parallel strategy through the 
robust condensation of arylhydrazines 13 immobilized on solid supports with various 
2-acylcyclohexane-1,3-diones 3. As shown in Scheme 1.3.2, we envisioned the usage 
of indole aldehyde resin as a suitable linker system because of the easy introduction 
of diversity elements for the library realization through the reductive amination of 
commercially available primary amines. Along with that, final products can be liberated 
from the solid support under mild acidic conditions when using 1% TFA in 
dichloromethane, thus the purity of final products can be enhanced through the 
minimized decomposition upon acid-catalyzed cleavage from solid supports. 
 
  
Scheme 1.3.2. Regioselective solid-phase parallel synthetic strategy for the construction of a 
tetrahydroindazolone library. 
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Furthermore, we aimed to construct three discrete core skeletons to maximize the 
molecular diversity in the resulting collection of tetrahydroindazolones. Based on the 
synthetic strategy, we ensure the regioselectivity of the resulting tetrahydroindazolones 
through the usage of arylhydrazines, generated by the nucleophilic aromatic 
substitution of electron-deficient aromatic rings on solid supports with free hydrazine. 
On the basis of our preliminary studies, 1-fluoro-2-nitroaryl and 2-chloropyridyl 
moieties were suitable substrates for the formation of aryl- and heteroarylhydrazines. 
The resulting aryl- and heteroarylhydrazines were directly utilized for the regioselective 
construction of tetrahydroindazolones by condensation with various 2-acylcyclohexane-
1,3-diones 3. In addition, the resulting tetrahydroindazolones containing a nitro group 
can be transformed into the aniline moiety through SnCl2-assisted reduction on solid 
supports. Therefore, we can robustly access the three unique core skeletons with a 
tetrahydroindazolone-based molecular framework. We then performed the in silico 
analysis to visualize the molecular diversity of the resulting three core skeletons. As 
shown in Figure 1.3.1, three representative compounds 16, 17, and 18 have a unique 
display of polar surface charges on the similar molecular frameworks. In fact, the polar 
surface area (PSA) and the distribution of polar surface charges are closely linked to 
noncovalent interactions, such as hydrogen bonding, ionic bonding, van der Waals 
forces, and hydrophobic interactions, for specific recognition of small-molecule ligands 
with various biopolymers. The unique display of polar surface charges on similar 
molecular frameworks was achieved through the introduction of dissimilar moieties to 
common scaffolds, which was illustrated by an isosurface diagram after calculation of 
electrostatic potential and electron density. In addition, the actual trajectory of three 
different molecular frameworks with the nitrophenyl (16), anilyl (17), and pyridyl (18) 
moiety is dissimilar in 3D space and has quite different dihedral angles of the 
heterobiaryl junction (Φklmn=54.9, 43.5, and 8.5°, respectively) because of intramolecular 
hydrogen bonding and steric interactions on the basis of our energy-minimized 
conformational analysis (see Figure 1.3.1a). The computational analysis with 15 discrete 
molecular descriptors and subsequent principle component analysis (PCA) clearly 
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Figure 1.3.1. (a) The PSA is illustrated by an isosurface diagram after an electrostatic potential 
and electron density calculation and the energy-minimized conformers of representative 
compounds 16, 17, and 18. (b) PCA of representative compounds 16, 17, and 18. 
 
demonstrated that three representative compounds (16, 17, and 18) with three unique 
core skeletons containing tetrahydroindazolones are populated differently in the 
chemical space with maximized molecular diversity (see Figure 1.3.1b). By use of 
calculation data, we noticed that the Prin3 factor was the most important element 
related to PSA character from among three major principle components. Thus, three 
representative compounds were effectively differentiated in 3D chemical space by Prin3 
and the resulting small-molecule library containing these scaffolds might induce the 
specific interactions with various biopolymers and facilitate the discovery of novel small-
molecule modulators, which is the crown jewel of chemical biology. 
 The practical and divergent procedures for regioselective synthesis of 
tetrahydroindazolones in solid-phase parallel fashion were optimized through the 
preparation of representative tetrahydroindazolones containing nitrophenyl (16), anilyl 
(17), and pyridyl moiety (18). The reaction progress on solid supports was monitored 
in each step by using LC/MS after cleavage from the solid support in combination with 
the on-bead colorimetric method. For direct comparison of each synthetic route, R1 
and R2 were fixed with 4-methoxybenzyl and a phenyl group, respectively. As shown in 
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Scheme 1.3.3. Solid-phase parallel synthesis of three representative compounds 16, 17, and 18 
with three unique core skeletons containing tetrahydroindazolone: a) 4-methoxybenzyl amine, 
TMOF, THF, RT, 4 h, then NaCNBH3, AcOH, r.t., 2 h; b) 4-fluoro-3-nitrobenzoic acid, HATU, DIPEA, 
DMF, r.t., 12 h; c) 6-chloronicotinic acid, HATU, DIPEA, DMF, r.t., 12 h; d) hydrazine monohydrate, 
DMF, r.t., 12 h; e) hydrazine monohydrate, pyridine, 100 ℃, 12 h; f) 2-benzoyl-5,5-
dimethylcyclohexane-1,3-dione, DMF, microwave, 100 ℃, 30 min; g) 2-benzoyl-5,5-
dimethylcyclohexane-1,3-dione, DMF, 60 ℃, 12 h; h) 1M SnCl2·(H2O)2 in DMF, 30 ℃, 12 h; i) 1% 
TFA in CH2Cl2, r.t., 4 h. DIPEA=N,N-diisopropylethylamine, HATU=O-(7-azabenzotriazole-1-yl)-
N,N,N’’,N'’-tetramethyl uronium PF6, TFA=trifluoroacetic acid, THF=tetrahydrofuran, 




Scheme 1.3.3, the synthesis was initiated by the incorpoartion of 4-methoxybenzylamine 
to indole aldehyde resin 10 through the reductive amination in the presence of TMOF 
in anhydrous THF and the subsequent treatment of sodium cyanoborohydride 
(NaCNBH3) in acetic acid at room temperature.
53 The resin-bound secondary amine (19) 
was coupled with 4-fluoro-3-nitrobenzoic acid or 6-chloronicotinic acid through 
activation with HATU, which allows the introduction of nitrophenyl and pyridyl moiety 
to tetrahydroindazolones. After the completion of the amidation step, confirmed by 
anegative chloranil test, the resulting electron-deficient 4-fluoro-3-nitrophenyl (20) and 
6-chloropyridyl (21) compounds on solid supports were treated with free hydrazine 
(NH2NH2) in DMF at room temperature or in pyridine at 100 ℃ to furnish the in situ 
generation of the corresponding nitrophenyl- (22) and pyridylhydrazine (23) on solid 
supports by nucleophilic aromatic ipso-substitution. 
 
Table 1.3.1. Set of building blocks and purities (%) of tetrahydroindazolones 30.a 
 
 30{R1,R2} R1          
   a b c d e f g h i 
 methyl 1 95 99 97 95 80 94 98 93 98 
 phenyl 2 90 91 93 90 90 94 97 97 91 
 furan-2-yl 3 90 85 87 71 90 84 86 73 95 
R2 3,4-dimethoxybenzyl 4 90 94 93 92 93 93 93 99 92 
 but-3-enyl 5 90 95 96 90 84 90 99 97 95 
 4-trifluoromethylphenyl 6 93 92 90 95 95 96 99 95 94 
 isobutyl 7 86 77 86 88 96 82 90 97 93 
aPurities were obtained by PDA-based LC/MS analysis of final products without further purification. 
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For the transformation of nitrophenylhydrazine 22 or pyridylhydrazine 23 to 
tetrahydroindazolones 24 or 25, respectively, we screened the reaction conditions by 
changing various solvents, additives, and reaction temperatures (data not shown). In 
the case of pyridylhydrazine 23, we obtained the desired tetrahydroindazolone 18 with 
high purity and yield in DMF at 60 ℃ followed by acid-catalyzed cleavage from solid 
supports by using 1% TFA in dichloromethane. However, in the case of 
nitrophenylhydrazine 22, the full conversion of the enehydrazine intermediate to the 
desired tetrahydroindazolone 16 cannot be achieved at 60 ℃ or even at a higher 
temperature in DMF, because of the significant reduction in the nucleophilicity of the 
internal amine on nitrophenylhydrazine 22 by the electron-withdrawing effect of the 
nitro group on the aryl ring. The further screening of reaction conditions allows the 
complete cyclization of nitroarylhydrazine 22 with 2-benzoyl-5,5-dimethylcyclohexane-
1,3-dione at 100 ℃ in DMF with microwave irradiation. Finally, we transformed the nitro 
group on resin-bound tetrahydroindazolone 24 to anilyl moiety 17 by selective 
reduction with 1 M tin(II) chloride dihydrate in DMF at 30 ℃. As shown in Scheme 1.3.3, 
the representative compounds 16, 17, and 18 were achieved upon treatment of 1% TFA 
in dichloromethane for acidolysis from solid support in excellent purities (>90%) 
without further purification. 
After the confirmation of molecular diversity in three unique core skeletons 
and the optimization of the solid-phase synthetic procedure, we pursued the 
construction of the tetrahydroindazolone pilot library containing three core skeletons 
by using various commercially available primary amines as the R1 diversity elements 
and inhouse prepared 2-acylcyclohexane-1,3-diones 3 as the R2 diversity elements. To 
ensure the quantity of final products, we used 50 mg of indole aldehyde resins per 
library member and the optimized reaction conditions yielded 5–20 mg of final 
products after acid-catalyzed cleavage from solid support without further purification. 
In the cases of [3- (trifluoromethyl)phenyl]methanamine (R1=g) or 5,5-dimethyl-2-[4- 
(trifluoromethyl)benzoyl]cyclohexane-1,3-dione (R2=6), we observed the significant 
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Table 1.3.2. Set of building blocks and purities (%) of tetrahydroindazolones 32.a 
 
 32{R1,R2} R1 
      
   a b c d e f 
 methyl 1 92 90 94 87 98 92 
R2 
phenyl 2 90 87 84 81 96 93 
3,4,-dimethoxybenzyl 3 90 91 95 90 95 90 
 but-3-enyl 4 90 90 93 92 97 92 
 4-trifluoromethylphenyl 5 90 91 94 90 96 92 
 furan-2-yl 6 95 81 94 94 90 92 
aPurities were obtained by PDA-based LC/MS analysis of final products without further purification. 
 
retardation in the intramolecular nucleophilic cyclization of enehydrazine intermediates 
to the desired tetrahydroindazolones, probably due to the decreased nucleophilicity of 
hydrazine. Thus, the condensation reactions with these particular substrates were 
carried out at a higher temperature (X=C, R=NO2, or NH2, microwave irradiation at 
110 ℃; X=N, at 80 ℃) than in the optimized conditions to complete the cyclization. As 
shown in Tables 1.3.1 and 1.3.3, the drug-like small-molecule pilot library containing 1-
nitrophenyl-3-substituted tetrahydroindazolones 30{R1,R2} and 1-pyridyl-3-substituted 
tetrahydroindazolones 36{R1,R2} was synthesized in an overall five steps with nine 
primary amines (a–i) at the R1 position and seven substituents (1–7) of 2-
acylcyclohexane-1,3-diones 3 at the R2 position. Under the library-to-library concept 
from 30{R1,R2} to 32{R1,R2}, the nitrophenyl-substituted core skeleton (29) was 
transformed to anilyl-substituted tetrahydroindazolones (31) on solid support upon 
treatment of 1 M SnCl2 in DMF at 30 ℃. In fact, the average purity of the resulting 
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32{R1,R2} is much lower than 30{R1,R2}, especially with substrates containing simple 
alkyl or tetrahydrofuranyl moieties at the R1 position, probably because of its harsh 
reduction conditions. Therefore, the pilot library containing 32{R1,R2} was constructed 
by using fewer building blocks than those with 30{R1,R2} and 36{R1,R2}. The purities 
and identities of all the library members were assessed by the direct analysis of crude 
final products by using LC/MS. The presence of all the desired compounds was 
unambiguously confirmed by the molecular weight with an excellent purity range, as 
determined by the HPLC analysis by using a photodiode array (PDA) detector. The 
purity of each library member containing three unique core skeletons (30, 32, and 36) 
is labeled with different colors in Tables 1.3.1, 1.3.2, and 1.3.3, respectively. The average 
purity of final crude products was 92% (30, X=C, R=NO2, see Scheme 1.3.2), 91 (32, 
X=C, R=NH2), and 93% (36, X=N). The representative final crude products of the 
 
Table 1.3.3. Set of building blocks and purities (%) of tetrahydroindazolones 36.a 
 
 36{R1,R2} R1 
         
   a b c d e f g h i 
 methyl 1 83 99 97 95 93 94 99 90 90 
 phenyl 2 98 96 90 99 92 90 99 92 95 
 furan-2-yl 3 94 93 98 90 97 98 91 78 90 
R2 3,4-dimethoxybenzyl 4 90 91 88 92 90 92 94 90 86 
 but-3-enyl 5 85 97 92 96 82 93 94 88 91 
 4-trifluoromethylphenyl 6 96 99 99 99 99 97 85 91 92 
 isobutyl 7 93 96 95 98 94 94 99 90 91 
aPurities were obtained by PDA-based LC/MS analysis of final products without further purification. 
52
tetrahydroindazolone library were fully characterized by 1H and 13C NMR spectroscopy 
along with LC/MS analysis (see Table 1.3.4 and the Supporting Information). 
To visualize the importance of three unique core skeletons (30, 32, and 36) 
along with the maximized molecular diversity of the resulting tetrahydroindazolone 
library, all of the library members were subjected to the calculation with fifteen major 
molecular descriptors by using PreADMET (BMDRC, Seoul, Korea). Through the 
orthogonal linear transformation of fifteen molecular descriptors to a new matrix by 
using SAS 9.1 (SAS Institute, Cary, NC), the dimensionality of diversity matrix with fifteen 
orthogonal principal components was reduced down to a 3D coordinate system for 
visualizing the molecular diversity in chemical space with three major principal 
components. Three principal components (Prin1, Prin2, and Prin3) represent 97.0% of 
the total variance in molecular descriptors. The Prin1 factor, which explains 81.3% of 
the total variance, is mainly constituted by molecular weight (MW), van der Waals (VDW) 
surface, and VDW volume. The Prin2 factor, which explains 10.5% of the total variance 
is influenced by molecular weight (MW), polar VDW surface area, topological polar 
surface area, and H-bond acceptor surface area. The Prin3 factor, accounting for 5.3% 
of the total variance, includes hydrogen-bond acceptor surface area, polar VDW surface 
 
Table 1.3.4. Purity and mass confirmation of representative compounds in the 
tetrahydroindazolone library. 
Cpd R1 R2 Purity 
MS [M+H]+ 
Calcd. obs. 
30{a,1} benzyl methyl 95 433.18 432.92 
30{b,2} 2-methoxyethyl phenyl 91 463.19 463.00 
30{i,4} tetrahydrofuran-2-yl 3,4-dimethylxybenzyl 93 563.24 563.14 
32{d,3} 4-methyl-phenethyl 3,4-dimethylxybenzyl 90 567.29 567.25 
36{a,3} benzyl furan-2-yl 94 441.18 441.12 
36{b,5} 2-methoxyethyl but-3-enyl 97 397.22 397.09 
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area, and topological polar surface area (see the Supporting Information). As shown in 
Figure 1.3.2, each library member containing different core skeletons (30, 32, and 36) 
with different color codes (red, yellow, and blue) are distributed in the different regions 
of 3D chemical space, thus the molecular diversity of the resulting small-molecule 
library is effectively maximized through the introduction of tetrahydroindazolone-based 
three unique core skeletons. 
 
1.3.3. Conclusion 
In this study, we developed the practical and divergent strategy for the 
regioselective synthesis of a 3-substituted tetrahydroindazolone library. Even though 
we previously reported the orthogonal synthesis of complementary regioisomers, 1-
alkyl-3-substituted (6) and 2-alkyl-3-substituted tetrahydroindazolones (7) from Boc-
protected alkylhydrazines 8, we pursued the regioselective synthesis of 1-(hetero)aryl-
3-substituted tetrahydroindazolone through simple condensation of 
(hetero)arylhydrazine (12) on solid supports with 2-acylcyclohexane-1,3-diones 3 to 
ensure the efficiency of our solid-phase parallel synthetic strategy. In addition, we have 
overcome the existing drawback of this condensation reaction through the introduction 
of three unique core skeletons with a different display of polar surface area. In this 
procedure, two different arylhydrazines were in situ generated on solid supports after 
the introduction of the first diversity element at the R1 position and subjected to the 
regioselective intramolecular condensation with various 2-acylcyclohexane-1,3-diones 
3. We also applied the library-to-library concept for the further diversification of core 
skeletons by SnCl2-based solid-phase reduction. The resulting tetrahydroindazolone-
based core skeletons (30, 32, and 36) occupy the different regions of 3D chemical space 
because of their unique display of polar surface area, a new diversity element, along 
with different dihedral angles of heterobiaryl skeletons. The optimized synthetic 
procedures were tolerant toward various building blocks and the 162-membered 
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tetrahydroindazolone library was constructed in parallel with 92% average purity. The 
biological evaluation of the library members will be reported in due course. 
 
1.3.4. Experimental Procedures 
General All commercially available reagents and solvents were used without further 
purification unless noted otherwise. All the solvents were purchased from commercial 
venders. Indole aldehyde resin was obtained from Novabiochem. 1H and 13C NMR 
spectra were obtained on a Varian Inova-500 (Varian Assoc., Palo Alto, USA). Chemical 
shifts were reported in ppm from tetramethylsilane (TMS) as the internal standard or 
the residual solvent peak (CDCl3, 
1H: d=7.26, 13C: 77.23 ppm). Multiplicity was indicated 
as follows: s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet), dd (doublet of 
doublet), dt (doublet of triplet), td (triplet of doublets), br s (broad singlet), etc. Coupling 
constants are reported in hertz. The reaction steps for library construction were 
performed in parallel by using the FlexChem Synthesis System from SciGene (Sunnyvale, 
CA) in a 96-deep-well filtration block. The purity of all the library members was 
observed by a LC/MS system equipped with a reverse-phase column (C-18, 50ⅹ2.1 
mm, 5 mm) and photodiode array (PDA) detector by using electron spray ionization 
(ESI). Microwave reactions were performed by using a CEM Discover Benchmate and 
microwave reaction conditions were denoted in the Experimental Section. Yields of 
crude products were calculated on the basis of the loading amount of primary amines 
on the solid support. Purities of final crude products were analyzed by LC/MS equipped 
with a PDA detector without further purification. 
Typical Solid-Phase Reaction Procedures. Step 1: Reductive Amination53 Individual 
wells of a 96-deep-well filtration block were loaded with indole aldehyde resin 10 (50 
mg, loading level: 0.9 mmolg-1, 0.045 mmol). R1-amines (2.2 equiv, 0.099 mmol) in a 
cosolvent of THF (0.25 mL) and trimethyl orthoformate (TMOF, 0.25 mL) were dispensed 
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into the designated wells of the reaction block. The reaction mixture was shaken at 
room temperature in a rotating oven (Robbins Scientific) for 4 h. Then, a solution of 
NaCNBH3 (2.2 equiv, 0.099 mmol) in AcOH (0.01 mL) and THF (0.10 mL) were added to 
the reaction block. The reaction mixture was shaken at room temperature in a rotating 
oven for 2 h. The resulting resins 26 were washed with DMF, MeOH, and CH2Cl2 
sequentially (ⅹ3 each) and dried in vacuo. 
Step 2: Acid Coupling A reaction cocktail of 4-fluoro-3-nitrobenzoic acid (3 equiv.) or 
6-chloronicotinic acid (3 equiv.), HATU (3 equiv.), and DIPEA (6 equiv.) in DMF (1.3 mL) 
was dispensed into each well of the reaction block charged with resins 26. The reaction 
mixture was incubated in a rotating oven at room temperature for 12 h. The resins were 
then washed extensively with DMF, MeOH, and CH2Cl2 (ⅹ3 each) and dried in vacuo. 
The reaction completion was confirmed by a negative chloranil test. 
Step 3a: Nucleophilic Aromatic Substitution for the Preparation of 28 A solution of 
hydrazine monohydrate (20 equiv.) in DMF (1.3 mL) was added to a designated well 
charged with resins 27. The reaction mixture was shaken at room temperature in a 
rotating oven for 12 h. The resins were then washed (ⅹ3) with DMF, MeOH, and CH2Cl2 
and dried in vacuo. 
Step 3b: Nucleophilic Aromatic Substitution for the Preparation of 34 A solution of 
hydrazine monohydrate (20 equiv.) in pyridine (1.3 mL) was added to a designated well 
charged with resins 33. The reaction mixture was shaken at 100 ℃ in a rotating oven 
for 12 h. The resins were then washed (ⅹ3) with DMF, MeOH, and CH2Cl2 and dried in 
vacuo. 
Step 4a: Cyclization for the preparation of 29 2-Acylcyclohexane-1,3-diones 3 (3 
equiv.) were added to a designated resins 28 in DMF (1.3 mL), and the reaction mixture 
was heated in a capped microwave vessel under microwave irradiation (150 W, 100 ℃ 
or 110 ℃) for 25–30 min. The resin was filtered, washed (ⅹ3) with DMF, MeOH, and 
CH2Cl2, and then dried in vacuo. 
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Step 4b: Cyclization for the Preparation of 35 A solution of 2-acylcyclohexane-1,3-
diones 3 (3 equiv.) in DMF (1.3 mL) was added to each well charged with resins 34. The 
reaction mixture was incubated in a rotating oven at 60 or 80 ℃ for 12 h. The resins 
were then washed extensively with DMF, MeOH, and CH2Cl2 (ⅹ3 each) and dried in 
vacuo. 
Step 5: Reduction of the Nitro Group The aromatic nitro group of resin 29 was 
reduced to aniline upon treatment with 1 M SnCl2·(H2O)2 in DMF (1.3 mL) at 30 ℃ for 
12 h, followed by washing (ⅹ3) with DMF, MeOH, and CH2Cl2. The resulting resin was 
dried in vacuo. 
Step 6: Acid-Catalyzed Cleavage After the resulting resins in the 96-deep-well reaction 
blocks were dried under high vacuum, resins were treated with 1% TFA in CH2Cl2 at 
room temperature for 4 h. Then, the resins were removed by filtration and washed 
several times with CH2Cl2. The filtrate was condensed under reduced pressure by using 
GeneVac (Thermo Savant) and the resulting residues were diluted with 50% H2O/ACN 
and freeze-dried, which yielded final products as a pale-yellow powder. The purity of 
the final products was confirmed by LC/MS without further purification. 
Characterization of Representative Compounds. Compound 16 Yield: 63%; purity: 
93%; 1H NMR (500 MHz, CDCl3): δ = 8.37 (d, J = 1.5 Hz, 1H), 8.18 (dd, J = 8.0, 1.5 Hz, 
1H), 7.97 (t, J = 3.5 Hz, 2H), 7.58 (br s, 1H), 7.46 (d, J = 8.0 Hz, 1H), 7.47–7.45 (m, 3H), 
7.21 (d, J = 7.5 Hz, 2H), 6.83 (d, J = 7.5 Hz, 2H), 4.49 (d, J = 5.0 Hz, 2H), 3.76 (s, 3H), 
2.53 (s, 2H), 2.39 (s, 2 H), 1.06 ppm (s, 6H); 13C NMR (125 MHz, CDCl3): δ = 192.5, 164.1, 
159.3, 152.9, 152.7, 145.6, 136.6, 133.5, 132.5, 131.2, 129.7, 129.53, 129.49, 129.0, 128.3, 
124.4, 116.1, 114.3, 55.5, 53.2, 44.0, 36.2, 35.7, 28.2 ppm; MS (ESI+): m/z: calcd for 
C30H29N4O5 : 525.21 [M+H]
+; found: 525.02. 
Compound 17 Yield: 58%; purity: 93%; 1H NMR (500 MHz, CDCl3): δ = 8.28 (br s, 2H), 
8.04 (dd, J = 7.3, 1.8 Hz, 2H), 7.41–7.38 (m, 3H), 7.31 (s, 1H), 7.22 (d, J = 8.5 Hz, 2H), 
7.18 (t, J = 5.0 Hz, 1H), 7.13 (d, J = 8.5 Hz, 1H), 7.09 (d, J = 8.5 Hz, 1H), 6.85 (d, J = 8.5 
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Hz, 2H), 4.48 (d, J = 5.0 Hz, 2H), 3.77 (s, 3H), 2.59 (s, 2H), 2.43 (s, 2H), 1.07 ppm (s, 6H); 
13C NMR (125 MHz, CDCl3): δ = 193.5, 168.0, 159.4, 153.0, 152.7, 142.2, 135.8, 131.1, 
129.7, 129.5, 129.0, 128.4, 127.9, 127.1, 126.4, 117.3, 117.1, 115.3, 114.3, 55.4, 53.0, 44.1, 
36.4, 35.4, 28.2 ppm; MS (ESI+): m/z: calcd for C30H31N4O3 : 495.23 [M+H]
+; found: 
495.10. 
Compound 18 Yield: 68%; purity: 90%; 1H NMR (500 MHz, CDCl3): δ = 8.87 (s, 1H), 8.22 
(d, J = 8.0 Hz, 1H), 8.13 (d, J = 8.5 Hz, 1H), 8.09 (d, J = 6.5 Hz, 2H), 7.43 (d, J = 7.5 Hz, 
2H), 7.29 (d, J = 7.5 Hz, 2H), 6.89 (d, J = 7.5 Hz, 2H), 6.70 (br s, 1H), 4.58 (d, J = 4.0 Hz, 
2H), 3.80 (s, 3H), 3.39 (s, 2H), 2.46 (s, 2H), 1.16 ppm (s, 6H); 13C NMR (125 MHz, CDCl3): 
δ = 193.3, 164.9, 159.5, 154.6, 152.6, 152.5, 147.0, 137.8, 131.6, 129.8, 129.6, 129.5, 129.3, 
128.3, 128.2, 117.7, 115.5, 114.4, 55.5, 53.3, 44.0, 39.7, 35.2, 28.7 ppm; MS (ESI+): m/z: 
calcd for C29H29N4O3 : 481.22 [M+H]
+; found: 481.11. 
Compound 30{a,1} Yield: 67%; purity: 95%; 1H NMR (500 MHz, CDCl3): δ = 8.42 (d, J 
= 1.5 Hz, 1H), 8.18 (dd, J = 8.5, 2.0 Hz, 1H), 7.52 (d, J = 8.0 Hz, 1H), 7.38–7.31 (m, 5H), 
7.02 (t, J = 5.3 Hz, 1H), 4.66 (d, J = 6.0 Hz, 2H), 2.52 (s, 2H), 2.47 (s, 3H), 2.38 (s, 2H), 
1.09 ppm (s, 6H); 13C NMR (125 MHz, CDCl3): δ = 193.4, 164.0, 151.7, 151.5, 145.8, 137.5, 
136.4, 134.0, 132.4, 129.4, 129.2, 128.3, 128.2, 124.3, 117.3, 52.5, 44.8, 36.2, 36.0, 28.4, 
13.5 ppm; MS (ESI+): m/z: calcd for C24H25N4O4 : 433.18 [M+H]
+; found: 432.92. 
Compound 30{b,2} Yield: 63%; purity: 91%; 1H NMR (500 MHz, CDCl3): δ = 8.42 (d, J 
= 1.5 Hz, 1H), 8.17 (dd, J = 8.5, 2.0 Hz, 1H), 8.02 (dd, J = 8.5, 2.0 Hz, 2H), 7.60 (d, J = 
8.0 Hz, 1H), 7.43–7.38 (m, 3H), 7.01 (t, J = 5.3 Hz, 1H), 3.70 (q, J = 5.1 Hz, 2H), 3.60 (t, 
J = 5.3 Hz, 2H), 2.59 (s, 2H), 2.48 (s, 2H), 1.11 ppm (s, 6H); 13C NMR (125 MHz, CDCl3): 
δ = 192.4, 164.3, 153.1, 152.7, 145.9, 136.7, 133.8, 132.3, 131.2, 129.5, 129.3, 129.1, 128.3, 
124.4, 116.2, 70.9, 59.1, 53.3, 40.4, 36.4, 35.8, 28.3 ppm; MS (ESI+): m/z: calcd for 
C25H27N4O5 : 463.19 [M+H]
+; found: 463.00. 
Compound 30{i,4} Yield: 69%; purity: 93%; 1H NMR (500 MHz, CDCl3): δ = 8.43 (d, J = 
2.0 Hz, 1H), 8.15 (dd, J = 8.3, 1.8 Hz, 1H), 7.53 (d, J = 8.0 Hz, 1H), 7.15 (t, J = 5.5 Hz, 
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1H), 6.90–6.86 (m, 2H), 6.75 (d, J = 8.0 Hz, 1H), 4.18–4.12 (m, 3H), 3.93–3.88 (m, 1H), 
3.86–3.79 (m, 7H), 3.37–3.31 (m, 1H), 2.56 (s, 2H), 2.38 (s, 2H), 2.11–2.06 (m, 1H), 1.96 
(p, J = 6.1 Hz, 2H), 1.65–1.59 (m, 2H), 1.08 ppm (s, 6H); 13C NMR (125 MHz, CDCl3): δ 
= 193.5, 164.5, 154.3, 152.1, 148.8, 147.6, 146.1, 136.4, 133.7, 132.2, 130.9, 129.0, 124.5, 
121.2, 116.6, 112.3, 111.1, 77.9, 68.5, 55.9, 52.4, 44.5, 36.2, 36.0, 33.2, 29.0, 28.4, 25.9 
ppm; MS (ESI+): m/z: calcd for C30H35N4O7: 563.24 [M+H]
+; found: 563.14. 
Compound 32{d,3} Yield: 57%; purity: 90%; 1H NMR (500 MHz, CDCl3): δ = 8.52 (br s, 
2H), 7.14–6.99 (m, 8H), 6.92 (d, J = 8.0 Hz, 1H), 6.75 (d, J = 8.5 Hz, 1H), 6.49 (br s, 1H), 
4.22 (s, 2H), 3.81 (s, 3H), 3.80 (s, 3H), 3.68 (q, J = 5.8 Hz, 2H), 2.88 (t, J = 6.5 Hz, 2H), 
2.58 (s, 2H), 2.41 (s, 2H), 2.33 (s, 3H), 1.07 ppm (s, 6H); 13C NMR (125 MHz, CDCl3): δ = 
194.9, 168.3, 154.1, 152.5, 148.8, 147.7, 136.6, 135.7, 135.2, 131.0, 129.6, 128.7, 126.9, 
121.2, 117.6, 116.2, 115.7, 114.0, 112.6, 111.4, 55.9, 52.2, 42.0, 36.0, 34.9, 33.0, 32.1, 28.3, 
21.1 ppm; MS (ESI+): m/z: calcd for C34H39N4O4 : 567.29 [M+H]
+; found: 567.32. 
Compound 36{a,3} Yield: 65%; purity: 94%; 1H NMR (500 MHz, CDCl3): δ = 8.89 (d, J 
= 2.0 Hz, 1H), 8.23 (dd, J = 8.5, 2.5 Hz, 1H), 8.14 (d, J = 8.5 Hz, 1H), 7.90 (d, J = 3.8 Hz, 
1H), 7.55 (d, J = 1.5 Hz, 1H), 7.37–7.30 (m, 5 H), 6.74 (br s, 1H), 6.53 (dd, J = 3.5, 2.0 Hz, 
1H), 4.66 (d, J = 5.5 Hz, 2 H), 3.36 (s, 2H), 2.47 (s, 2H), 1.15 ppm (s, 6H); 13C NMR (125 
MHz, CDCl3): δ = 192.7, 164.9, 154.4, 152.2, 147.0, 146.4, 143.6, 143.1, 137.8, 137.8, 
129.1, 128.3, 128.2, 128.1, 116.8, 115.8, 115.2, 111.9, 53.0, 44.5, 39.5, 35.1, 28.6 ppm; MS 
(ESI+): m/z: calcd for C26H25N4O3 : 441.18 [M+H]
+; found: 441.12. 
Compound 36{b,5} Yield: 72%; purity: 97%; 1H NMR (500 MHz, CDCl3): δ = 8.85 (d, J 
= 2.0 Hz, 1H), 8.22 (dd, J = 8.8, 2.3 Hz, 1H), 8.03 (d, J = 9.0 Hz, 1H), 6.75 (t, J = 5.3 Hz, 
1H), 5.93–5.86 (m, 1H), 5.06 (dq, J = 17.3, 1.5 Hz, 1H), 4.95 (dq, J = 9.8, 1.1 Hz, 1 H), 
3.67 (q, J = 5.0 Hz, 2H), 3.58 (t, J = 5.3 Hz, 1H), 3.39 (s, 3H), 3.31 (s, 2H), 3.03–3.00 (m, 
2H), 2.52–2.49 (m, 2H), 2.37 (s, 2H), 1.12 ppm (s, 6H); 13C NMR (125 MHz, CDCl3): δ = 
194.1, 165.1, 154.6, 154.4, 151.6, 146.9, 138.1, 137.8, 127.8, 118.2, 115.2, 115.1, 71.1, 
59.1, 52.6, 40.0, 39.5, 35.5, 32.3, 28.8, 27.5 ppm; MS (ESI+): m/z: calcd for C22H29N4O3 : 
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2.1.1. Introduction 
Invariant natural killer T (iNKT) cells are a conserved lymphocyte lineage that 
regulates a broad range of immune responses through a semi-invariant T-cell receptor 
(TCR).54−58 α-Galactosylceramide (α-GalCer), a prototypical glycolipid antigen of iNKT 
cells, binds to CD1d on antigen-presenting cells (APCs), and then the α-GalCer–CD1d 
complex stimulates the TCR of iNKT cells.59, 60 After the iNKT cells are stimulated, 
signaling molecules called cytokines are released from iNKT cells that initiate cellular 
communication.54, 55 These cytokines are classified as pro- or anti-inflammatory, and the 
balance between the release and activity of these cytokines with opposite activity is 
critical in various diseases.55, 58 T helper 1 (Th1) cytokines, such as interferon-γ (IFN-γ) 
and tumor necrosis factor-α (TNF-α), are typical pro-inflammatory cytokines.55 Besides 
these Th1 cytokines, which are released from Th1 cells, interleukin-17 (IL-17), which is 
released from Th17 cells, also induces tissue-destructive inflammation, suggesting that 
Th1, Th17, and Th1/Th17 cells, which express both IFN-γ and IL-17, are key players in 
the pathogenesis of several autoimmune diseases.61, 62 Therefore, polarization of 
pathogenic immune responses, such as Th1 and Th17 responses, might be essential for 
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Figure 2.1.1. Chemical structures of α-GalCer, OCH, and α-GalCer analogues containing 
a pyrazole moiety with a varying position of phenyl group. 
 
controlling autoimmune diseases more precisely. In contrast, T helper 2 (Th2) cytokines, 
including interleukin-4 (IL-4) and interleukin-10 (IL-10), are classified as anti-
inflammatory cytokines.55, 63 
KRN7000 (1), a representative glycolipid of the α-GalCer family, is a potent 
immunostimulatory compound that has been used in studies of iNKT cell stimulation 
(Figure 2.1.1).56, 57 Its therapeutic effects have also been extensively studied in various 
disease models.64−67 However, the in vivo efficacy of compound 1 is sometimes limited 
because compound 1 indiscriminately stimulates the release of both pro- and anti-
inflammatory cytokines, which antagonize each other.55−57 To overcome this problem, 
many studies have attempted to develop new α-GalCer analogues that selectively 
induce the secretion of certain cytokines.56, 57 For example, an α-GalCer analogue (2) 
containing a truncated lipid chain of the sphingosine backbone, commonly referred to 
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as OCH (Figure 2.1.1), has been shown to be an effective inducer of anti-inflammatory 
Th2 cytokines and improve disease symptoms in animal models of autoimmune 
disease.63 In contrast, an α-C-GalCer, in which the glycosidic bond is replaced by a 
methylene group, induced strong pro-inflammatory Th1 cytokines in an in vivo study.68 
In the aforementioned studies, the specificity of the cytokine response was reported to 
be the result of α-GalCer−CD1d complex stability through noncovalent 
interactions.3,4,16 Truncation of the lipid chain in the sphingosine backbone in 2 
decreases the stability of the α-GalCer−CD1d complex, which leads to Th2 response 
polarization due to its short retention time at CD1d.64, 70 Recently, we reported a 
synthetic strategy for a new series of α-GalCer analogues containing heteroaromatic 
groups in the sphingosine backbone.71 Through in vitro and in vivo studies in mice, we 
found that α-GalCer analogue 3 could polarize the immune response toward Th2 
cytokines and that the phenyl group was essential for this desired biological effect. 
However, despite the potential for finding new α-GalCer analogues that could 
selectively induce the secretion of specific cytokines from iNKT cells, the optimal 
location of the phenyl group in the sphingosine backbone has not yet been studied. 
Especially, in the context of development of other antinflammatory drugs such as 
fingolimod, the concept of the phenyl migration showed the importance of the position 
of the phenyl group in the hydrocarbon tail for the immunosuppressive activity.72 Here, 
we designed and synthesized a series of α-GalCer analogues (3−9) in which the phenyl 
group was sequentially migrated from the pyrazole moiety toward the end of the alkyl 
chain to identify the optimal phenyl group position for selective cytokine secretion. 
 
2.1.2. Result and discussion 
Chemistry. In a previous study,70 we introduced various alkyl moieties into the 
sphingosine backbone through cyclization of a dielectrophilic α,β-unsaturated 
aldehyde moiety with various dinucleophilic alkylhydrazines. However, this synthetic 
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route is somewhat limited for efficient and systematic migration of a phenyl moiety, 
because the branching point for diversification is located at an early synthetic step. 
Therefore, we need to establish a new synthetic method to efficiently construct a series 
of α-GalCer analogues. In this new synthetic method, the variable R groups in the 
sphingosine backbone can be introduced via simple N-alkylation of the pyrazole moiety 
(17) at a relatively late stage of synthesis. As shown in Scheme 2.1.1, we initiated our  
 
Scheme 2.1.1. General Synthetic Scheme for α–GalCer Analogues (3-9)a 
 
aReagents, conditions, and yields: (i) TBDMSCl, imidazole, DMF, toom temperature (r.t.), 12 h, 76%; 
(ii) BnBr, n-Bu4NI, NaH, THF, r.t., 12 h, 78%; (iii) TBAF, THF, r.t., 2 h, 89%; (d) n-Bu4NI, DIPEA, 4 Å 
MS, PhH, 65 °C, 2 h, 88%; (v) POCl3, DMF, 0 °C to r.t., 18 h, 45%; (vi) NH2NH2∙H2O, MeOH, r.t., 2 
h, quantitative yield; (vii) MsCl, DIPEA, DCM, r.t., 3 h; (viii) NaN3, DMF, 110 °C, 2.5 days, 57% (two-
step yield); (ix) R-X, CsCO3, CH3CN, 60 °C, 10 h; ( j) PPh3, benzene/H2O (100:1, v/v), 60 °C, 10 h; 
(xi) cerotic acid, EDCI, DMAP, THF, 25 °C, 24 h; (l) H2, Pd(OH)2/C, EtOH/DCM (3:1, v/v), r.t., 15 h. 
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synthetic procedure with D-galactal, which has the desired stereochemistry of all chiral 
centers required for α-GalCer analogues. The primary alcohol of D-galactal was 
selectively protected with a tertbutyldimethylsilyl group, and the two remaining 
secondary alcohols were subjected to benzyl protection. The silylprotecting group was 
cleaved in the presence of tetra-n-butylammonium fluoride (TBAF) to provide a suitably 
protected D-galactal compound 12. The resulting compound 12, which acts as a 
galactosyl acceptor, was treated with a highly reactive galactosyl iodide under 
anhydrous conditions to create an α-glycosidic bond in high yield (88%). Then, 
compound 13 was transformed into 14 under Vilsmeier−Haack formylation, and the 
resulting α,β-unsaturated aldehyde moiety of 14 was cyclized with free hydrazine to 
produce the pyrazole moiety 15 in quantitative yield.73 For functional group conversion 
of the hydroxyl group at the C-2 position into an amino group, compound 15 was 
treated with mesyl chloride under anhydrous conditions. Although both the N-H group 
of the pyrazole and the hydroxy group in compound 15 were mesylated under this 
condition, the resulting dimesylated product 16 was successfully converted to an azido 
sphingoid 17 via substitution of the azide nucleophile, in which the N-mesyl group on 
the pyrazole was spontaneously removed. In compound 17, the key branching point 
for diversification of the sphingosine backbone can be efficiently transformed into new 
α-GalCer analogue precursors (18a−18g) through substitution with various alkylating 
agents in high yield (>90%). The final decoration of α-GalCer analogues was achieved 
through chemoselective reduction of the azido group in 18 to an amino group via 
Staudinger reduction. Subsequent EDCI-mediated amide coupling with cerotic acid 
produced benzyl-protected α-GalCer analogues (19a−19g). Finally, six benzyl 
protecting groups in compound 19 were globally removed via catalytic hydrogenation 
with Pd(OH)2 on carbon in EtOH−DCM cosolvent under hydrogen at atmospheric 
pressure to yield the final compounds (3−9) as white solids. 
In Vitro and In Vivo Assays. The biological activities of the synthesized α-GalCer 
analogues (3−9) containing a pyrazole moiety with a migrating phenyl group in the 
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sphingosine backbone were evaluated using an ELISA assay to measure the selective 
induction of the Th1-, Th2-, and Th17-type cytokines, IFN-γ, IL-4, and IL-17, respectively. 
In brief, primary murine hepatic mononuclear cells (HMNCs) containing iNKT cells were 
incubated with individual α-GalCer analogues for 72 h. Compound 1 was used as a 
positive control. The amount of IFN-γ, IL-4, and IL-17 released by HMNCs was 
quantified by incubation with biotinylated anti-IFN-γ, anti-IL-4, or anti-IL-17 antibodies, 
respectively, followed by incubation with streptavidin-conjugated horseradish 
peroxidase and subsequent visualization using the chromogenic substrate 3,3′,5,5′-
tetramethylbenzidine (TMB). The results of each analogue were compared to that of 
the positive control, compound 1. As shown in Figure 2.1.2a, these analogues (3−9) 
differed substantially in their selective induction of cytokine secretion. In particular, 
analogue 5 induced Th2 cytokine polarization, as evidenced by IL-4 secretion, at a level 
similar to that of the positive control. Analogue 5 also selectively reduced the secretion 
of the pathogenic cytokines IL-17 and IFN-γ. Analogue 3 fully stimulated iNKT cells, 
but was less selective in Th2 response polarization than analogue 5. In contrast, 
analogue 4, in which phenyl group is located between the phenyl position of 3 and 
that of 5, completely failed to activate the iNKT cells, suggesting that a slight variation 
in the position of a phenyl group profoundly affects biological outcome. Analogue 6 
and 7 weakly activated the iNKT cells. Analogues 8 and 9, which contain a phenyl 
moiety at the terminal position of the sphingosine backbone, moderately activated the 
iNKT cells. 
On the basis of our in vitro evaluation of these analogues, we selected 
analogue 5 for the in vivo tudies. To confirm the bias of analogue 5 toward 
immunomodulatory cytokine secretion, we measured cytokine levels in mice serum 
after a single intravenous injection (2 μg/ea). Serum levels of IL-4 were measured at 2 
h after injection of both 1 and 5 and barely detected in other time points. Serum levels 
of IFN-γ started to increase from 12 h after injection and peaked at 24 h for both 1 
and 5, which is consistent with previous reports on in vivo treatment of 1. Thus, we can  
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Figure 2.1.2. Biological evaluations of α-GalCer analogues. (a) IFN-γ, IL-4, and IL-17 
secretion from hepatic mononuclear cells (HMNCs) upon treatment with individual α-
GalCer analogues after 72 h. (b) IFN-γ, IL-4, and IL-17 levels in mice serum after a single 
intravenous injection (2 μg/ea) (ND: not detected). 
 
assume that pharmacokinetic profiles are similar for 1 and 5. In addition, we failed to 
detect serum levels of cytokines in vehicle-treated animals. As shown in Figure 2.1.2b, 
analogue 5 showed selectivity toward a Th2 response and induced a reduced Th1 
response compared to that induced by 1. Unlike in the in vitro results, we failed to 
detect IL-17 in the mouse serum, which denotes the tissue specific, rather than systemic, 
characteristic of this cytokine in vivo. These in vitro and in vivo experiments lead us to 
conclude that analogue 5 is a lead compound with the potential to regulate 
autoimmune disease via polarization of iNKT cells toward an immunomodulatory 
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Figure 2.1.3. Treatment with analogue 5 reduced EAE and spinal cord inflammation. (a) 
EAE disease course. Data are the mean ± SEM of n = 8 mice in each group from two 
independent experiments. (b) Representative photographs of spinal cords from mice 
treated with PBS, compound 1, or analogue 5 32 days after immunization. Sections 
were stained with H&E. 
 
response. To evaluate the protective role of lead compound 5 in the pathogenesis of 
autoimmune disease, we utilized a murine experimental autoimmune encephalitis (EAE) 
model, which is a prototype organ-specific autoimmune disease model.63 
Inhibition of EAE Pathogenesis. To induce EAE, mice were immunized subcutaneously 
in each flank with 200 μg of MOG35−55 peptide emulsified in incomplete Freund’s 
adjuvant containing 200 μg of Mycobacterium tuberculosis. Then, pertussis toxin was 
injected intraperitoneally on both the same day and at 2 days after immunization. In 
the vehicle-treated control group, EAE developed 10−15 days after immunization and 
reached a maximal score on days 17−22. To evaluate the immunomodulatory effect of 
5, we administered once at immunization 2 μg of 5 or 1 mixed with the antigen cocktail 
emulsified in the antigen preparation (MOG peptide). As shown in Figure 2.1.3a, a single 
dose of analogue 5 delayed the onset of disease and markedly reduced disease 
pathogenesis, whereas compound 1 treatment only slightly decreased disease severity 
(maximal clinical score: vehicle-treated, 2.7 ± 0.20; 1-treated, 2.0 ± 0.37; and 5-treated, 
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0.9 ± 0.29) (Figure 2.1.3a). In the spinal cord, the number of mononuclear cells 
infiltration into the white matter was greatly reduced in 5-treated mice on day 18 after 
immunization compared to that in vehicle-treated control mice or 1-treated mice 
(Figure 2.1.3b). 
Examination of Mononuclear Cells Isolated from the Spinal Cord. For cytokine 
analysis of mononuclear cells at 22 days after immunization, anesthetized mice were 
perfused with cold PBS through the left ventricle. The lumbar spinal cord was removed, 
mechanically cut into pieces, and digested. Single cell suspensions were prepared using 
a homogenizer and nylon mesh followed by Percoll gradient centrifugation. 
Mononuclear cells were harvested from the 30−70% Percoll interface layer and 
restimulated with PMA and ionomycin for 4 h. Brefeldin A was added to stain the 
intracellular cytokines, which were detected by flow cytometry. Cytokine levels in the 
supernatant were also measured by ELISA. As shown in Figure 2.1.4a, intracellular 
analysis of cytokines in mononuclear cells revealed that a single-dose of analogue 5 
 
Figure 2.1.4. Analogue 5 reduced Th17 and Th1 responses in the spinal cord. 
Mononuclear cells from spinal cords were isolated 22 days after immunization. Cells 
were stimulated with PMA and ionomycin, and intracellular cytokines were detected by 
flow cytometry. (a) The proportions of CD4+ T cells in spinal cords producing IL-17 or 
IFN-γ are shown. The dot plots are representative of three independent determinations. 
(b) IFN-γ and IL-17 in the culture supernatants of mononuclear cells from spinal cords 
were detected by ELISA. The data represent the mean ± SD from measurements of 
individual mice within each group (n = 3−4/group). 
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dramatically inhibited both Th1 and Th17 differentiation of MOG-specific CD4+ T cells 
in the spinal cord, leading to a greater reduction of Th1, Th17, and Th1/Th17 cells in 
the effector site than that induced by a single dose of 1. ELISA analysis of the culture 
supernatants of mononuclear cells from spinal cords also revealed greatly decreased 
IL-17 and IFN-γ in 5-treated mice compared to vehicle-treated control mice or 1-
treated mice (Figure 2.1.4b). 
 
2.1.3. Conclusion 
Here, we reported a new synthetic strategy for α-GalCer analogues with a 
pyrazole moiety and varying positions of a phenyl group in the sphingosine backbone 
to identify the optimal position of the phenyl group for selective polarization of 
cytokine secretion. Using this strategy, we synthesized a series of α-GalCer analogues 
(3−9) with full migration of the phenyl group along the sphingosine backbone. On the 
basis of our in vitro and in vivo biological evaluations of these analogues, we found 
that analogue 5 exhibited greater selectivity toward secretion of the 
immunomodulatory cytokine IL-4 over the pro-inflammatory cytokines IFN-γ and IL-
17. Finally, our lead compound 5 was evaluated in an animal model of an inflammatory 
demyelinating disease of the central nervous system (CNS), experimental autoimmune 
encephalitis (EAE). To our pleasant surprise, a single dose of analogue 5 dramatically 
ameliorated EAE, compared to EAE in 1-treated animals, and the 5-induced reduction 
in the EAE pathogenesis was correlated with its capacity to inhibit Th17- and Th1-type 
differentiation of antigen-specific CD4+ T cells. Therefore, this new α-GalCer analogue 
can be used as a novel iNKT ligand to stimulate the selective secretion of anti-
inflammatory cytokines and regulate autoimmune diseases through the reduction of 
Th1 and Th17 responses. 
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2.1.4. Experimental Procedures 
Chemistry. All reactions were performed either in oven-dried glassware or microwave 
vessel under dry argon atmosphere. Toluene and tetrahydrofuran (THF) was dried by 
distillation from sodium− benzophenone immediately prior to use. Dichloromethane 
(DCM) was dried by distillation from CaH2. Other solvent and organic reagent were 
purchased from commercial venders and used without further purification unless 
otherwise mentioned. 1H and 13C NMR spectra were obtained on 500 or 300 MHz FT-
NMR spectrometer. Chemical shifts were reported in ppm relative to the residual solvent 
peak (CDCl3: 1H, 7.24; 13C, 77.23). Multiplicity was indicated as follows: s (singlet), d 
(doublet), t (triplet), q (quartet), quin (quintet), m (multiplet), dd (doublet of doublets), 
ddd (doublet of doublets of doublets), dt (doublet of triplets), td (triplet of doublets), 
br s (broad singlet). Coupling constants are reported in hertz. Routine mass analyses 
were performed on a LC/MS system using electron spray ionization (ESI) or atmospheric 
pressure chemical ionization (APCI). The high-resolution mass spectrometric analyses 
were conducted at the Mass Spectrometry Laboratory of Seoul National University 
using mass spectrometer by direct injection for fast atomic bombardment (FAB). The 
products were purified by flash column chromatography on silica gel (230−400 mesh). 
The eluent used for purification is reported in parentheses. Thin-layer chromatography 
(TLC) was performed on precoated glass-backed plates (silica gel 60 F254 0.25 mm), 
and components were visualized by observation under UV light (254 and 365 nm) or 
by treating the plates with anisaldehyde, KMnO4, phosphomolybdic acid, and vanillin 
followed by heating. Distilled water was polished by ion exchange and filtration. All 
compounds are subjected to 1H NMR analysis to confirm ≥95% sample purity. 
(2R,3R,4R)-2-(((tert-Butyldimethylsilyl)oxy)methyl)-3,4-dihydro-2H-pyran-3,4-diol 
(10). D-Galactal (1.0 g, 6.84 mmol), tertbutyldimethylsilyl chloride (1.13 g, 7.52 mmol), 
and imidazole (930 mg, 13.68 mmol) were stirred in anhydrous dimethylformamide 
(DMF, 10 mL) at room temperature for 12 h. After completion of the reaction as 
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monitored by TLC, DMF was evaporated under reduced pressure and the resulting 
mixture was diluted with ethyl acetate (EtOAc) and washed with saturated NaHCO3 (aq) 
and brine. The combined organic layer was dried over anhydrous Na2SO4 (s). The filtrate 
was condensed under reduced pressure and purified by silica gel flash column 
chromatography (EtOAc:Hex = 1:1, v/v) to provide the desired product 10 (1.35 g, 76%) 
as an amorphous white solid: [α]D
25 +4.8 (c = 2.55, CHCl3); 
1H NMR (500 MHz, CDCl3) 
δ 6.39 (dd, J = 6.3, 1.3 Hz, 1H), 4.73 (dt, J = 6.3, 2.0 Hz, 1H), 4.33−4.30 (m, 1H), 4.13−
4.10 (m, 1H), 4.00−3.88 (m, 3H), 3.20 (d, J = 5.0 Hz, 1H), 2.73 (d, J = 10.5 Hz, 1H), 0.91 
(s, 9H), 0.11 (s, 6H); LRMS (ESI+) m/z calcd for C12H24NaO4Si [M + Na]+ 283.13, found 
283.23. 
(((2R,3R,4R)-3,4-Bis(benzyloxy)-3,4-dihydro-2H-pyran-2-yl)-methoxy)(tert-
butyl)dimethylsilane (11). To a solution of compound 10 (1.21 g, 4.647 mmol) in 
anhydrous THF (25 mL) stirred at 0 ºC, was added sodium hydride (690 mg in 60% 
mineral oil, 17.19 mmol) over a 15 min period. The reaction mixture was stirred for 30 
min and warm up to room temperature. Then, benzyl bromide (1.77 mL, 14.87 mmol) 
and tetra-n-butylammonium iodide (TBAI, 170 mg, 0.4647 mmol) were added carefully 
in dropwise. The mixture was stirred at room temperature for overnight under nitrogen 
atmosphere. After the completion of reaction monitored by TLC, the resultant was 
diluted with EtOAc and washed twice with brine. The combined organic layer was dried 
over anhydrous Na2SO4 (s). The filtrate was condensed under reduced pressure and 
purified by silica-gel flash column chromatography (EtOAc:Hex = 1:3, v/v) to provide 
the desired products 11 (1.60 g, 78 %) as an amorphous white solid; [D
25 -40.9 (c = 
2.23, CHCl3.); 
1H NMR (500 MHz, CDCl3) δ 7.38–7.25 (m, 10H), 6.35 (dd, J = 6.5, 1.5 Hz, 
1H), 4.91 (dd, J = 11.5 Hz, 1H), 4.85 (dq, J = 3.0, 1.3 Hz, 1H), 4.70–4.60 (m, 3H), 4.22–
4.20 (m, 1H), 4.02–3.97 (m, 2H), 3.90–3.79 (m, 2H), 0.89 (s, 9H), 0.05 (s, 6H); LRMS(ESI+) 
m/z calcd for C26H37O4Si [M+H]+: 441.25; Found: 441.30. 
((2R,3R,4R)-3,4-Bis(benzyloxy)-3,4-dihydro-2H-pyran-2-yl)-methanol (12). 
Compound 12. To a solution of compound 11 (800 mg, 1.815 mmol) in anhydrous 
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tetrahydrofuran (THF, 15 mL) was added tetra-n-butylammonium fluoride (2.72 mL in 
1.0M THF solution, 2.72 mmol) over a 10 min period. The mixture was stirred at room 
temperature for 2 h under nitrogen atmosphere. After the completion of reaction 
monitored by TLC, the resultant was diluted with EtOAc and washed twice with brine. 
The combined organic layer was dried over anhydrous Na2SO4 (s). The filtrate was 
condensed under reduced pressure and purified by silica-gel flash column 
chromatography (EtOAc:Hex = 1:2, v/v) to provide the desired products 12 (527 mg, 
89 %) as a colorless oil; [D
25 -101.8 (c = 2.15, CHCl3.); 
1H NMR (500 MHz, CDCl3) δ 
7.37–7.24 (m, 10H), 6.40 (d, J = 6.0 Hz, 1H), 4.86–4.82 (m, 2H), 4.72–4.62 (m, 3H), 4.18–
4.16 (m, 1H), 4.11–4.09 (m, 1H), 3.99–3.95 (m, 2H), 3.75–3.72 (m, 1H), 2.54 (br s, 1H); 
LRMS(ESI+) m/z calcd for C20H22O4  [M+H]+: 326.15; Found: 326.09. 
(2R,3R,4R)-3,4-Bis(benzyloxy)-2-((((2S,3R,4S,5S,6R)-3,4,5-tris-(benzyloxy)-6-
(benzyloxy)methyl)tetrahydro-2H-pyran-2-yl)oxy)-methyl)-3,4-dihydro-2H-pyran 
(13). To a solution of 1-O-acetyl-2,3,4,6-tetra-O-benzyl-d-galactopyranoside (2.95 g, 
5.055 mmol) in DCM (30 mL) at 0 °C was added trimethylsilyl iodide (TMSI, 719 μL, 
5.055 mmol) and stirred for at 0 °C for 30 min. The reaction was stopped by adding 30 
mL of anhydrous toluene and the residual TMSI was removed by azeotrope-evaporation 
with anhydrous toluene in three times. The slightly yellow residue was dissolved in 
anhydrous benzene (10 mL) and kept under argon atmosphere. In a separate round-
bottom flask, molecular sieves (MS, 4 Å, 1 g), TBAI (5.6 g, 15.2 mmol), compound 12 
(550 mg, 1.685 mmol), and diisopropylethylamine (880 μL, 5.055 mmol) were added 
into anhydrous benzene (10 mL). The reaction mixture was stirred under argon at 65 °C 
for 10 min. Upon the complete dissolution of TBAI, the glycosyl iodide in anhydrous 
benzene was added into this flask and the reaction mixture was stirred at 65 °C for 2 
h. The reaction was stopped by adding EtOAc (100 mL) and cooled to 0 °C. The white 
precipitate and MS were removed by filtration through Celite®-packed glass filter with 
EtOAc-washing. The filtrate was washed with sat. Na2S2O3(aq) (2  100 mL) and brine, 
dried over anhydrous Na2SO4. The filtrate was condensed under reduced pressure and 
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purified by silica-gel flash column chromatography (EtOAc:Hex = 1:5, v/v) to provide 
the desired product 13 (1.26 g, 88%) as a colorless oil; [D
19
 = +8.6 (c = 2.25, CHCl3.); 
1H NMR (500 MHz, CDCl3) δ 7.39–7.22 (m, 30H), 6.24 (dd, J = 6.3, 1.2 Hz, 1H), 4.93 (d, 
J = 11.5 Hz, 1H), 4.83−4.66 (m, 5H), 4.65–4.54 (m, 5H), 4.44–4.37 (m, 2H), 4.28–4.26 (m, 
1H), 4.14–4.11 (m, 1H), 4.04–3.95 (m, 5H), 3.91−3.90 (m, 1H), 3.71 (dd, J = 10.7, 4.7 Hz, 
1H), 3.56–3.46 (m, 2H); 13C NMR (75 MHz, CDCl3) δ 144.3, 139.1, 138.9, 138.8, 138.8, 
138.5, 138.2, 128.7, 128.7, 128.6, 128.5, 128.5, 128.4, 128.1, 128.1, 128.0, 127.9, 127.8, 
127.8, 127.7, 127.6, 127.6, 99.9, 98.0, 79.3, 76.6, 75.2, 75.2, 75.0, 73.6, 73.2, 72.0, 71.0, 
69.4, 69.0, 66.5, 53.6; LRMS(ESI+) m/z calcd for C54H57O9 [M+H]+: 849.40; Found: 849.51. 
(2R,3R,4R)-3,4-Bis(benzyloxy)-2-((((2S,3R,4S,5S,6R)-3,4,5-tris-(benzyloxy)-6-
(benzyloxy)methyl)tetrahydro-2H-pyran-2-yl)oxy)-methyl)-3,4-dihydro-2H-pyran-
5-carbaldehyde (14). To a solution of compound 13 (1.2 g, 1.413 mmol) in DMF (14 
mL) stirred at 0 ºC, was added POCl3 (263 μL, 2.827 mmol) over a 30-min period. The 
reaction mixture was stirred for 1 h and warm up to room temperature. After 18 h, the 
resultant was diluted with EtOAc and washed with saturated NaHCO3 (aq) and brine. 
Then, the combined organic layer was dried over anhydrous Na2SO4 (s). The filtrate was 
condensed under reduced pressure and purified by silica-gel flash column 
chromatography (EtOAc : Hex = 1 : 3, v/v) to provide the desired products 14 (556 mg, 
45 %) as a colorless oil; [D
19 = +38.8 (c = 0.81, CHCl3.); 
1H NMR (500 MHz, CDCl3) δ 
8.96 (s, 1H), 7.41–7.22 (m, 30H), 6.94 (s, 1H), 4.96 (d, J = 11.5 Hz, 1H), 4.86 (d, J = 11.5 
Hz, 1H), 4.83 (d, J = 12.0 Hz, 1H), 4.77–4.50 (m, 10H), 4.38–4.32 (m, 2H), 4.09–3.97 (m, 
6H), 3.74 (dd, J = 5.2, 3.8 Hz, 1H), 3.47–3.42 (m, 2H); LRMS(ESI+) m/z calcd for C55H57O10 
[M+H]+: 877.40; Found: 877.59. 
(2R,3S,4R)-3,4-Bis(benzyloxy)-4-(1H-pyrazol-4-yl)-1-(((2S,3R,4S,5S,6R)-3,4,5-
tris(benzyloxy)-6-((benzyloxy)methyl)-tetrahydro-2H-pyran-2-yl)oxy)butan-2-ol 
(15). Compound 14 (552 mg, 0.629 mmol) and hydrazine monohydrate (61 μL, 1.259 
mmol) were dissolved in MeOH (6 mL), and the mixture was stirred at room temperature 
for 2 h. After completion of reaction as indicated by TLC, the resulting mixture was 
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condensed under reduced pressure without more purification to provide the desired 
product 15 (560 mg, quantitative yield) as a colorless oil; [D
19 = +9.4 (c = 1.66, CHCl3.); 
1H NMR (500 MHz, CDCl3) δ 7.52 (s, 2H), 7.51–7.10 (m, 30H), 4.92 (d, J = 11.5 Hz, 1H), 
4.83 (d, J = 4.0 Hz, 1H), 4.79 (d, J = 12.0 Hz, 1H), 4.75 (d, J = 12.0 Hz, 1H), 4.69 (d, J = 
12.0 Hz, 1H), 4.66–4.64 (m, 2H), 4.55 (d, J = 11.0 Hz, 1H), 4.46–4.43 (m, 2H), 4.37–4.35 
(m, 2H), 4.31–4.27 (m, 2H), 4.10–4.03 (m, 2H), 3.99 (m, 1H), 3.93–3.91 (m, 2H), 3.72 (dd, 
J = 10.5, 6.5 Hz, 1H), 3.66 (dd, J = 6.5, 3.0 Hz, 1H), 3.53–3.48 (m, 3H); LRMS(ESI+) m/z 
calcd for C55H59N2O9 [M+H]
+: 891.42; Found: 891.45. 
4-((1R,2S,3S)-3-Azido-1,2-bis(benzyloxy)-4-(((2S,3R,4S,5S,6R)-3,4,5-
tris(benzyloxy)-6-((benzyloxy)methyl)tetrahydro-2H-pyran-2-yl)oxy)butyl)-1H-
pyrazole (17). To a solution of compound 15 (560 mg, 0.628 mmol) and DIPEA (547 
μL, 3.142 mmol) in dry DCM (5 mL) stirred at 0 ºC, was added MsCl (146 μL, 1.884 
mmol) in dropwise. The reaction mixture was stirred for 3 h and the resultant was 
diluted with EtOAc and washed with saturated NaHCO3 (aq) and brine. Then, the 
combined organic layer was dried over anhydrous Na2SO4 (s). The filtrate was 
condensed under reduced pressure to provide the desired crude product 16. Crude 
compound 16 and NaN3 (817 mg, 12.56 mmol) were dissolved in DMF (3 mL) and 
stirred at 120 ºC for 2.5 days. After completion of reaction as indicated by TLC, the 
resulting mixture was diluted with EtOAc and washed with brine. The combined organic 
layer was dried over anhydrous Na2SO4 (s). The filtrate was condensed under reduced 
pressure and purified by silica-gel flash column chromatography (EtOAc:Hex = 1:1, v/v) 
to provide the desired product 17 (328 mg, 57%) as a colorless oil; [α]D
25 +7.4 (c = 1.60, 
CHCl3); 
1H NMR (500 MHz, CDCl3) δ 7.56 (s, 2H), 7.38–7.10 (m, 30H), 4.93 (d, J = 11.0 
Hz, 1H), 4.86 (d, J = 3.5 Hz, 1H), 4.83–4.78 (m, 2H), 4.73 (d, J = 11.5 Hz, 1H), 4.68–4.55 
(m, 5H), 4.46 (d, J = 11.5 Hz, 1H), 4.42 (d, J = 12.0 Hz, 1H), 4.35 (d, J = 11.5 Hz, 1H), 
4.31 (d, J = 11.5 Hz, 1H), 4.05 (dd, J = 10.0, 3.0 Hz, 1H), 3.98 (dd, J = 10.0, 2.5 Hz, 1H), 
3.94–3.90 (m, 4H), 3.69 (dd, J = 10.5, 7.0 Hz, 1H), 3.48–3.42 (m, 3H); LRMS(ESI+) m/z 
calcd for C55H58N5O8 [M+H]
+: 916.43; Found: 916.38. 
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General Procedures for the N-alkylation of pyrazole for Compounds 18b–18g. 
Compound 17, alkylating agent (1.5 equiv.), and CsCO3 (3 equiv.) were stirred in CH3CN 
(0.05 M concentration) at 60 °C for 10 h. After the completion of reaction monitored 
by TLC, CH3CN was evaporated under reduced pressure, and the resulting mixture was 
diluted with EtOAc and washed with brine. The combined organic layer was dried over 
anhydrous Na2SO4(s). The filtrate was condensed under reduced pressure and purified 
by silica-gel flash column chromatography (EtOAc:Hex = 1:3, v/v) to provide desired 
product 18 (>90% yield) as a colorless oil. 
4-((1R,2S,3S)-3-Azido-1,2-bis(benzyloxy)-4-(((2S,3R,4S,5S,6R)-3,4,5-
tris(benzyloxy)-6-((benzyloxy)methyl)tetrahydro-2H-pyran-2-yl)oxy)butyl)-1-(4-
pentylphenethyl)-1H-pyrazole (18b). 92% yield; [α]D25 +11.2 (c = 1.80, CHCl3); 1H NMR 
(500 MHz, CDCl3) δ 7.53 (s, 1H), 7.38–7.12 (m, 31H), 7.02 (d, J = 8.0 Hz, 2H), 6.96 (d, J 
= 7.5 Hz, 2H), 4.93 (d, J = 11.0 Hz, 1H), 4.85 (d, J = 3.5 Hz, 1H), 4.82 (d, J = 12.0 Hz, 
1H), 4.78 (d, J = 12.0 Hz, 1H), 4.72 (d, J = 11.5 Hz, 1H), 4.67 (d, J = 12.0 Hz, 1H), 4.62−
4.52 (m, 4H), 4.45−4.35 (m, 3H), 4.26 (t, J = 7.2 Hz, 2H), 4.22 (d, J = 11.5 Hz, 1H), 4.04 
(dd, J = 10.0, 3.5 Hz, 1H), 3.97 (dd, J = 10.3, 3.3 Hz, 1H), 3.94−3.86 (m, 4H), 3.67 (dd, J 
= 10.5, 6.5 Hz, 1H), 3.49−3.47 (m, 2H), 3.40 (td, J = 6.5, 2.0 Hz, 1H), 3.12−3.09 (m, 2H), 
2.49 (t, J = 7.7 Hz, 2H), 1.53 (quin, J = 7.2 Hz, 2H), 1.33−1.26 (m, 6H), 0.87 (t, J = 6.8 
Hz, 3H); 13C NMR (75 MHz, CDCl3) δ 141.5, 140.0, 139.0, 138.9, 138.8, 138.5, 138.4, 138.2, 
135.3, 129.9, 128.8, 128.6, 128.5, 128.4, 128.1, 128.0, 127.9, 127.9, 127.8, 127.7, 127.6, 
117.5, 100.2, 98.8, 80.5, 79.1, 77.433, 76.5, 75.2, 74.9, 74.9, 74.5, 73.6, 73.4, 73.2, 70.3, 
69.8, 69.2, 67.9, 62.1, 54.0, 36.7, 35.7, 31.7, 31.4, 22.7, 14.3; LRMS(ESI+) m/z calcd for 
C68H76N5O8 [M+H]
+: 1090.57; Found: 1090.63. 
4-((1R,2S,3S)-3-Azido-1,2-bis(benzyloxy)-4-(((2S,3R,4S,5S,6R)-3,4,5-
tris(benzyloxy)-6-((benzyloxy)methyl)tetrahydro-2H-pyran-2-yl)oxy)butyl)-1-(3-(4-
butylphenyl)propyl)-1H-pyrazole (18c). 94% yield; [α]D25 +8.5 (c = 1.14, CHCl3); 1H 
NMR (500 MHz, CDCl3) δ 7.52 (s, 1H), 7.38–7.15 (m, 31H), 7.07 (d, J = 8.0 Hz, 2H), 7.04 
(d, J = 8.0 Hz, 2H), 4.93 (d, J = 11.5 Hz, 1H), 4.87 (d, J = 3.5 Hz, 1H), 4.82 (d, J = 12.0 
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Hz, 1H), 4.79 (d, J = 12.0 Hz, 1H), 4.72 (d, J = 11.5 Hz, 1H), 4.67 (d, J = 12.0 Hz, 1H), 
4.62−4.54 (m, 4H), 4.47 (d, J = 12.0 Hz, 1H), 4.43 (d, J = 12.0 Hz, 1H), 4.35 (d, J = 11.5 
Hz, 1H), 4.31 (d, J = 11.5 Hz, 1H), 4.07−4.03 (m, 3H), 3.97 (dd, J = 10.5, 2.5 Hz, 1H), 
3.94−3.92 (m, 4H), 3.70 (dd, J = 10.8, 6.8 Hz, 1H), 3.49−3.46 (m, 3H), 2.58−2.53 (m, 4H), 
2.15 (quin, J = 7.2 Hz, 2H), 1.60−1.54 (m, 2H), 1.34 (q, J = 7.3 Hz, 2H), 0.92 (t, J = 7.3 
Hz, 3H); 13C NMR (75 MHz, CDCl3) δ 140.9, 139.7, 139.0, 138.9, 138.8, 138.4, 138.4, 138.2, 
138.0, 129.5, 128.7, 128.5, 128.5, 128.4, 128.0, 128.0, 127.9, 127.8, 127.7, 127.7, 127.6, 
117.8, 98.8, 80.6, 79.1, 77.4, 76.5, 75.2, 74.9, 74.9, 74.6, 73.6, 73.4, 73.2, 70.5, 69.9, 69.2, 
67.9, 62.2, 51.7, 35.4, 33.9, 32.4, 32.0, 22.6, 14.2; LRMS(ESI+) m/z calcd for C68H76N5O8 
[M+H]+: 1090.57; Found: 1090.49. 
4-((1R,2S,3S)-3-Azido-1,2-bis(benzyloxy)-4-(((2S,3R,4S,5S,6R)-3,4,5-
tris(benzyloxy)-6-((benzyloxy)methyl)tetrahydro-2H-pyran-2-yl)oxy)butyl)-1-(4-(4-
propylphenyl)butyl)-1H-pyrazole (18d). 91% yield; [α]D25 +7.9 (c = 0.93, CHCl3); 1H 
NMR (500 MHz, CDCl3) δ 7.50 (s, 1H), 7.38–7.21 (m, 29H), 7.16–7.14 (m, 2H), 7.05 (d, J 
= 8.5 Hz, 2H), 7.03 (d, J = 8.0 Hz, 2H), 4.93 (d, J = 11.5 Hz, 1H), 4.87 (d, J = 3.5 Hz, 1H), 
4.82 (d, J = 11.5 Hz, 1H), 4.79 (d, J = 12.0 Hz, 1H), 4.73 (d, J = 12.0 Hz, 1H), 4.67 (d, J 
= 12.0 Hz, 1H), 4.60−4.54 (m, 4H), 4.47−4.42 (m, 2H), 4.35 (d, J = 12.0 Hz, 1H), 4.29 (d, 
J = 11.5 Hz, 1H), 4.07−4.03 (m, 3H), 3.98 (dd, J = 10.2, 2.8 Hz, 1H), 3.94−3.90 (m, 4H), 
3.69 (dd, J = 10.8, 6.7 Hz, 1H), 3.48−3.46 (m, 3H), 2.57 (t, J = 7.8 Hz, 2H), 2.52 (t, J = 
7.7 Hz, 2H), 1.86 (quin, J = 7.4 Hz, 2H), 1.64−1.54 (m, 4H), 0.92 (t, J = 7.3 Hz, 3H); 13C 
NMR (75 MHz, CDCl3) δ 140.4, 139.6, 139.2, 138.9, 138.9, 138.8, 138.4, 138.4, 138.2, 
129.3, 128.6, 128.6, 128.5, 128.5, 128.4, 128.4, 128.1, 128.0, 127.9, 127.9, 127.8, 127.7, 
127.7, 117.8, 98.8, 80.7, 79.1, 77.5, 76.5, 75.2, 75.0, 74.9, 74.5, 73.6, 73.4, 73.3, 70.5, 69.9, 
69.2, 67.9, 62.2, 52.3, 37.8, 35.1, 30.1, 28.7, 24.9, 14.1; LRMS(ESI+) m/z calcd for 
C68H76N5O8 [M+H]
+: 1090.57; Found: 1090.66. 
4-((1R,2S,3S)-3-Azido-1,2-bis(benzyloxy)-4-(((2S,3R,4S,5S,6R)-3,4,5-
tris(benzyloxy)-6-((benzyloxy)methyl)tetrahydro-2H-pyran-2-yl)oxy)butyl)-1-(5-(4-
ethylphenyl)pentyl)-1H-pyrazole (18e). 95% yield; [α]D25 +8.7 (c = 0.70, CHCl3); 1H 
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NMR (500 MHz, CDCl3) δ 7.50 (s, 1H), 7.38–7.21 (m, 29H), 7.17–7.15 (m, 2H), 7.09 (d, J 
= 8.0 Hz, 2H), 7.05 (d, J = 8.0 Hz, 2H), 4.93 (d, J = 11.5 Hz, 1H), 4.87 (d, J = 3.5 Hz, 1H), 
4.83–4.78 (m, 2H), 4.72 (d, J = 11.5 Hz, 1H), 4.67 (d, J = 12.0 Hz, 1H), 4.61−4.54 (m, 4H), 
4.47−4.42 (m, 2H), 4.35 (d, J = 12.0 Hz, 1H), 4.29 (d, J = 11.5 Hz, 1H), 4.06−4.02 (m, 
3H), 3.97 (dd, J = 10.0, 2.5 Hz, 1H), 3.94−3.90 (m, 4H), 3.69 (dd, J = 10.0, 2.5 Hz, 1H), 
3.49−3.46 (m, 3H), 2.60 (q, J = 7.7 Hz, 2H), 2.53 (t, J = 7.8 Hz, 2H), 1.85 (quin, J = 7.4 
Hz, 2H), 1.61 (quin, J = 7.6 Hz, 2H), 1.31 (quin, J = 7.6 Hz, 2H), 1.21 (t, J = 7.5 Hz, 3H); 
13C NMR (75 MHz, CDCl3) δ 141.8, 139.6, 139.6, 139.0, 138.9, 138.5, 138.4, 138.2, 129.3, 
128.6, 128.5, 128.5, 128.4, 128.4, 128.1, 128.0, 127.9, 127.9, 127.8, 127.7, 127.6, 117.8, 
98.8, 80.7, 79.1, 77.4, 76.5, 75.3, 75.0, 74.9, 74.6, 73.7, 73.4, 73.3, 70.5, 69.9, 69.2, 68.0, 
62.3, 52.4, 35.5, 31.2, 30.4, 28.6, 26.5, 15.8; LRMS(ESI+) m/z calcd for C68H76N5O8 [M+H]+: 
1090.57; Found: 1090.59. 
4-((1R,2S,3S)-3-Azido-1,2-bis(benzyloxy)-4-(((2S,3R,4S,5S,6R)-3,4,5-
tris(benzyloxy)-6-((benzyloxy)methyl)tetrahydro-2H-pyran-2-yl)oxy)butyl)-1-(6-(p-
tolyl)hexyl)-1H-pyrazole (18f). 92% yield; [α]D25 +10.7° (c = 0.25, CHCl3); 1H NMR (500 
MHz, CDCl3) δ 7.50 (s, 1H), 7.38–7.15 (m, 31H), 7.06 (d, J = 8.0 Hz, 2H), 7.02 (d, J = 8.0 
Hz, 2H), 4.93 (d, J = 11.5 Hz, 1H), 4.86 (d, J = 3.0 Hz, 1H), 4.82 (d, J = 11.5 Hz, 1H), 4.78 
(d, J = 12.0 Hz, 1H), 4.72 (d, J = 12.0 Hz, 1H), 4.67 (d, J = 12.0 Hz, 1H), 4.61−4.54 (m, 
3H), 4.47−4.42 (m, 2H), 4.35 (d, J = 12.0 Hz, 1H), 4.30 (d, J = 12.0 Hz, 1H), 4.06−4.02 
(m, 2H), 3.97 (dd, J = 10.0, 2.5 Hz, 1H), 3.94−3.90 (m, 3H), 3.69 (dd, J = 10.5, 7.0 Hz, 
1H), 3.51−3.45 (m, 2H), 2.52 (t, J = 7.8 Hz, 2H), 2.30 (s, 3H), 1.81 (quin, J = 7.3 Hz, 2H), 
1.56 (quin, J = 7.5 Hz, 2H), 1.36−1.24 (m, 4H); 13C NMR (125 MHz, CDCl3) δ 139.6, 138.9, 
138.9, 138.5, 138.4, 138.2, 129.1, 128.6, 128.5, 128.4, 128.1, 128.0, 128.0, 127.9, 127.8, 
127.7, 127.6, 117.9, 98.8, 80.7, 79.1, 77.4, 76.8, 76.5, 75.2, 75.0, 74.9, 74.6, 73.6, 73.4, 73.3, 
70.5, 70.0, 69.2, 68.0, 62.2, 52.5, 35.5, 31.6, 30.5, 28.9, 26.7, 21.2; LRMS(ESI+) m/z calcd 
for C68H76N5O8 [M+H]




phenylheptyl)-1H-pyrazole (18g). 91% yield; [α]D25 +8.2 (c = 0.85, CHCl3); 1H NMR 
(500 MHz, CDCl3) δ 7.50 (s, 1H), 7.38–7.21 (m, 31H), 7.18–7.14 (m, 5H), 4.93 (d, J = 11.5 
Hz, 1H), 4.87 (d, J = 3.5 Hz, 1H), 4.82 (d, J = 12.0 Hz, 1H), 4.79 (d, J = 12.0 Hz, 1H), 4.73 
(d, J = 12.0 Hz, 1H), 4.68 (d, J = 12.0 Hz, 1H), 4.62−4.54 (m, 4H), 4.47−4.42 (m, 2H), 
4.35 (d, J = 12.0 Hz, 1H), 4.29 (d, J = 12.0 Hz, 1H), 4.06−4.02 (m, 3H), 3.98 (dd, J = 10.3, 
2.8 Hz, 1H), 3.94−3.91 (m, 4H), 3.69 (dd, J = 10.8, 6.8 Hz, 1H), 3.50−3.46 (m, 3H), 2.56 
(t, J = 7.8 Hz, 2H), 1.81 (quin, J = 7.4 Hz, 2H), 1.33−1.23 (m, 6H); 13C NMR (75 MHz, 
CDCl3) δ 142.9, 139.5, 139.0, 138.9, 138.8, 138.5, 138.4, 138.2, 129.3, 128.6, 128.5, 128.5, 
128.1, 128.0, 127.9, 127.9, 127.8, 127.7, 127.7, 125.8, 117.8, 98.8, 80.7, 79.1, 77.4, 76.5, 
75.2, 75.0, 74.9, 74.6, 73.7, 73.4, 73.3, 70.5, 69.9, 69.2, 67.9, 62.2, 52.6, 36.1, 31.6, 30.5, 
29.3, 29.2, 26.8; LRMS(ESI+) m/z calcd for C68H76N5O8 [M+H]+: 1090.57; Found: 1090.71. 
General Procedure for the N-acylation for Compounds 19b–19g. Compound 18 and 
PPh3 (2 equiv.) were dissolved in benzene (0.01 M concentration) and H2O (0.1 mM 
concentration). Then, the mixture was stirred at 60 oC for 10 h. After completion of 
reaction monitored by TLC, the reaction mixture was condensed under reduced pressure 
and re-dissolved in anhydrous THF (10 mM concentration). Cerotic acid (1.5 equiv.), 1-
ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDCI, 3 equiv.) and 4-
dimethylaminopyridine (DMAP, catalytic amount) were added to the corresponding 
mixture and stirred at room temperature for 24 h. After reaction completion, the 
resulting mixture was diluted with EtOAc and washed with brine. The combined organic 
layer was dried over anhydrous Na2SO4 (s). The filtrate was condensed under reduced 
pressure and purified by silica-gel flash column chromatography (EtOAc:Hex = 1:3, v/v) 
to provide the desired product 19 as a colorless oil. 
N-((2S,3S,4R)-3,4-Bis(benzyloxy)-4-(1-(4-pentylphenethyl)-1Hpyrazol-4-yl)-1-
(((2S,3R,4S,5S,6R)-3,4,5-tris(benzyloxy)-6-((benzyloxy)methyl)tetrahydro-2H-
pyran-2-yl)oxy)butan-2-yl)-hexacosanamide (19b). 68% yield; [α]D
25 –1.5 (c = 0.80, 
CHCl3); 
1H NMR (500 MHz, CDCl3) δ 7.57 (s, 1H), 7.38–7.23 (m, 31H), 7.02 (d, J = 8.0 Hz, 
2H), 6.98 (d, J = 8.0 Hz, 2H), 6.13 (d, J = 9.0 Hz, 1H), 4.91 (d, J = 11.5 Hz, 1H), 4.03–3.85 
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(m, 7H), 3.52–3.46 (m, 2H), 3.33 (dd, J = 9.5, 6.0 Hz, 1H), 3.12–3.08 (m, 2H), 2.48 (t, J = 
7.8 Hz, 2H), 1.95–1.86 (m, 2H), 1.56–1.45( m, 2H), 1.28–1.24 (m, 48H), 0.89–0.85 (m, 6H); 
LRMS(ESI+) m/z calcd for C94H128N3O9 [M+H]+: 1442.97; Found: 1443.13. 
N-((2S,3S,4R)-3,4-Bis(benzyloxy)-4-(1-(3-(4-butylphenyl)propyl)-1H-pyrazol-4-yl)-
1-(((2S,3R,4S,5S,6R)-3,4,5-tris(benzyloxy)-6-((benzyloxy)methyl)tetrahydro-2H-
pyran-2-yl)oxy)butan-2-yl)-hexacosanamide (19c). 57% yield; [α]D25 –3.2 (c = 0.88, 
CHCl3); 
1H NMR (500 MHz, CDCl3) δ 7.55 (s, 1H), 7.42 (s, 1H), 7.37–7.20 (m, 30H), 7.08–
7.04 (m, 4H), 6.17 (d, J = 9.5 Hz, 1H), 4.91 (d, J = 11.5 Hz, 1H), 4.80–4.71 (m, 5H), 4.64–
4.55 (m, 2H), 4.49–4.44 (m, 3H), 4.34 (d, J = 12.0 Hz, 1H), 4.22 (d, J = 12.0 Hz, 1H), 4.07–
3.86 (m, 9H), 3.52 (dd, J = 11.0, 3.5 Hz, 1H), 3.48 (dd, J = 9.2, 6.8 Hz, 1H), 3.33 (dd, J = 
9.3, 5.7 Hz, 1H), 2.57–2.53 (m, 4H), 2.14 (quin, J = 7.1 Hz, 2H), 1.96–1.87 (m, 2H), 1.60–
1.54 (m, 2H), 1.48 (quin, J = 7.1 Hz, 2H), 1.33 (quin, J = 7.4 Hz, 2H), 1.28–1.24 (m, 46H), 




pyran-2-yl)oxy)butan-2-yl)-hexacosanamide (19d). 59% yield; [α]D
25 –2.6 (c = 0.85, 
CHCl3); 
1H NMR (500 MHz, CDCl3) δ 7.54 (s, 1H), 7.40 (s, 1H), 7.37–7.21 (m, 30H), 7.06–
7.02 (m, 4H), 6.15 (d, J = 9.0 Hz, 1H), 4.91 (d, J = 11.5 Hz, 1H), 4.80–4.71 (m, 5H), 4.62 
(d, J = 12.0 Hz, 1H), 4.57–4.55 (m, 2H), 4.48–4.44 (m, 3H), 4.35 (d, J = 12.0 Hz, 1H), 4.21 
(d, J = 12.0 Hz, 1H), 4.07–4.00 (m, 4H), 3.96 (dd, J = 11.0, 4.0 Hz, 1H), 3.92 (dd, J = 8.0, 
3.5 Hz, 1H), 3.89–3.86 (m, 3H), 3.52 (dd, J = 11.0, 3.5 Hz, 1H), 3.48 (dd, J = 9.2, 6.8 Hz, 
1H), 3.33 (dd, J = 9.2, 5.8 Hz, 1H), 2.57 (t, J = 7.5 Hz, 2H), 2.52 (t, J = 7.8 Hz, 2H), 1.97–
1.83 (m, 4H), 1.62–1.56 (m, 5H), 1.48 (quin, J = 7.0 Hz, 2H), 1.28–1.24 (m, 48H), 0.95–




pyran-2-yl)oxy)butan-2-yl)-hexacosanamide (19e). 61% yield; [α]D
25 –1.9° (c = 1.10, 
CHCl3); 
1H NMR (500 MHz, CDCl3) δ 7.54 (s, 1H), 7.41 (s, 1H), 7.37–7.23 (m, 30H), 7.09 
(d, J = 7.5 Hz, 2H), 7.05 (d, J = 7.5 Hz, 2H), 6.16 (d, J = 9.0 Hz, 1H), 4.91 (d, J = 11.5 Hz, 
1H), 4.80–4.71 (m, 5H), 4.63 (d, J = 12.0 Hz, 1H), 4.58–4.55 (m, 2H), 4.49–4.45 (m, 3H), 
4.35 (d, J = 12.0 Hz, 1H), 4.22 (d, J = 12.0 Hz, 1H), 4.09–3.87 (m, 9H), 3.54 (dd, J = 11.0, 
3.0 Hz, 1H), 3.48 (dd, J = 9.0, 6.5 Hz, 1H), 3.35 (dd, J = 9.3, 5.8 Hz, 1H), 2.60 (q, J = 7.5 
Hz, 2H), 2.53 (t, J = 7.8 Hz, 2H), 1.96–1.82 (m, 4H), 1.65–1.57 (m, 4H), 1.48 (quin, J = 7.0 
Hz, 2H), 1.28–1.24 (m, 49H), 0.88 (t, J = 6.8 Hz, 3H); LRMS(ESI+) m/z calcd for C94H128N3O9 
[M+H]+: 1442.97; Found: 1442.93. 
N-((2S,3S,4R)-3,4-Bis(benzyloxy)-4-(1-(6-(p-tolyl)hexyl)-1H-pyrazol-4-yl)-1-
(((2S,3R,4S,5S,6R)-3,4,5-tris(benzyloxy)-6-((benzyloxy)-methyl)tetrahydro-2H-
pyran-2-yl)oxy)butan-2-yl)hexacosanamide (19f). 53% yield; [α]D
25 –16.1 (c = 1.5, 
CHCl3); 
1H NMR (500 MHz, CDCl3) δ 7.54 (s, 1H), 7.41 (s, 1H), 7.37–7.21 (m, 30H), 7.06 
(d, J = 8.0 Hz, 2H), 7.03 (d, J = 8.0 Hz, 2H), 6.17 (d, J = 9.0 Hz, 1H), 4.91 (d, J = 11.5 Hz, 
1H), 4.80–4.71 (m, 5H), 4.62 (d, J = 12.0 Hz, 1H), 4.57–4.55 (m, 2H), 4.48–4.45 (m, 3H), 
4.35 (d, J = 12.0 Hz, 1H), 4.22 (d, J = 12.0 Hz, 1H), 4.08–4.01 (m, 4H), 3.97–3.91 (m, 2H), 
3.89–3.87 (m, 5H), 3.53 (dd, J = 11.0, 3.5 Hz, 1H), 3.48 (dd, J = 9.0, 7.0 Hz, 1H), 3.35 (dd, 
J = 9.0, 6.0 Hz, 1H), 2.52 (t, J = 7.8 Hz, 2H), 2.30 (s, 3H), 1.96–1.88 (m, 2H), 1.81 (quin, J 
= 7.1 Hz, 2H), 1.55 (quin, J = 7.4 Hz, 2H), 1.48 (quin, J = 7.1 Hz, 2H), 1.31–1.25 (m, 48H), 
0.88 (t, J = 6.8 Hz, 3H); 13C NMR (75 MHz, CDCl3) δ 173.0, 139.7, 138.8, 138.7, 138.6, 
137.9, 129.1, 128.6, 128.6, 128.6, 128.5, 128.5, 128.5, 128.2, 128.1, 128.0, 127.9, 127.8, 
127.7, 117.6, 99.7, 81.0, 79.0, 77.4, 75.0, 74.9, 74.5, 73.7, 73.7, 73.1, 70.3, 70.2, 69.4, 52.4, 
36.9, 35.5, 32.1, 31.6, 30.6, 29.9, 29.8, 29.7, 29.6, 29.6, 29.0, 26.7, 25.9, 22.9, 21.2, 14.3; 
LRMS(ESI+) m/z calcd for C94H128N3O9 [M+H]+: 1442.97; Found: 1443.11. 
N-((2S,3S,4R)-3,4-Bis(benzyloxy)-4-(1-(7-phenylheptyl)-1H-pyrazol-4-yl)-1-
(((2S,3R,4S,5S,6R)-3,4,5-tris(benzyloxy)-6-((benzyloxy)-methyl)tetrahydro-2H-
pyran-2-yl)oxy)butan-2-yl)hexacosanamide (19g). 60% yield; [α]D
25 –8.6 (c = 0.55, 
CHCl3); 
1H NMR (500 MHz, CDCl3) δ 7.53 (s, 1H), 7.43 (s, 1H), 7.37–7.14 (m, 35H), 6.15 
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(d, J = 9.0 Hz, 1H), 4.91 (d, J = 11.5 Hz, 1H), 4.80–4.71 (m, 5H), 4.63 (d, J = 11.5 Hz, 1H), 
4.57–4.54 (m, 2H), 4.48–4.45 (m, 3H), 4.35 (d, J = 12.0 Hz, 1H), 4.21 (d, J = 12.0 Hz, 1H), 
4.08–3.86 (m, 9H), 3.53 (dd, J = 11.0, 3.5 Hz, 1H), 3.48 (dd, J = 9.2, 6.8 Hz, 1H), 3.34 (dd, 
J = 9.5, 6.0 Hz, 1H), 2.56 (t, J = 7.7 Hz, 2H), 1.98–1.86 (m, 2H), 1.81 (quin, J = 7.1 Hz, 
2H), 1.60–1.54 (m, 4H), 1.48 (quin, J = 7.0 Hz, 2H), 1.30–1.23 (m, 50H), 0.88 (t, J = 7.0 
Hz, 3H); LRMS(ESI+) m/z calcd for C94H128N3O9 [M+H]+: 1090.57; Found: 1090.77. 
General Procedure for the Benzyl Group Deprotection via Hydrogenation. 
Compound 19 and Pd(OH)2/C (same amount as 19, 20 wt % loading (dry basis)) were 
dissolved in EtOH (6 mM concentration) and DCM (2 mM concentration). Then, the 
mixture was stirred under H2 atmosphere (1 atm) for 15 h. After completion of the 
reaction, as indicated by TLC, the catalyst was removed by filtration through 0.45 μm 
PTFE syringe filter and washed with MeOH:DCM (1:1, v/v) solution. The filtrate was 
concentrated under reduced pressure to provide the desired product 4−9 as an 
amorphous white solid. 
N-((2S,3S,4R)-3,4-Dihydroxy-4-(1-(4-pentylphenethyl)-1H-pyrazol-4-yl)-1-
(((2S,3R,4S,5R,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)-tetrahydro-2H-pyran-2-
yl)oxy)butan-2-yl)hexacosanamide (4). 81% yield; [α]D
25 +45.8 (c = 0.43, CHCl3/MeOH 
= 1:1); 1H NMR (500 MHz, CDCl3/CD3OD = 1:1; reference peak : CD3OD at 3.31 ppm) δ 
7.62 (s, 1H), 7.53 (s, 1H), 7.07 (d, J = 8.0 Hz, 2H), 7.02 (d, J = 8.0 Hz, 2H), 4.88 (d, J = 
4.0 Hz, 1H), 4.64 (d, J = 5.0 Hz, 1H), 4.34−4.31 (m, 2H), 3.96−3.93 (m, 1H), 3.90 (d, J = 
3.5 Hz, 1H), 3.84−3.78 (m, 3H), 3.75−3.69 (m, 4H), 3.09 (t, J = 7.2 Hz, 2H), 2.54 (t, J = 
7.8 Hz, 2H), 2.20 (t, J = 7.3 Hz, 2H), 1.61−1.54 (m, 4H), 1.32−1.24 (m, 48H), 0.89–0.85 
(m, 6H); HRMS (FAB+) m/z calcd for C52H92N3O9 [M+H]+: 902.6834; Found: 902.6832. 
N-((2S,3S,4R)-4-(1-(3-(4-Butylphenyl)propyl)-1H-pyrazol-4-yl)-3,4-dihydroxy-1-
(((2S,3R,4S,5R,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)-tetrahydro-2H-pyran-2-
yl)oxy)butan-2-yl)hexacosanamide (5). 82% yield; [α]D
25 +42.4 (c = 0.47, CHCl3); 
1H 
NMR (500 MHz, CDCl3) δ 7.57 (s, 2H), 7.08–7.06 (m, 4H), 4.89 (d, J = 4.0 Hz, 1H), 4.67 
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(d, J = 5.5 Hz, 1H), 4.10 (d, J = 7.0 Hz, 2H), 4.01–3.99 (m, 1H), 3.90–3.67 (m, 9H), 2.57–
2.53 (m, 4H), 2.19 (t, J = 7.5 Hz, 2H), 2.14 (quin, J = 7.4 Hz, 2H), 1.61–1.52 (m, 4H), 1.28–
1.24 (m, 46H), 0.92–0.85 (m, 6H); HRMS (FAB+) m/z calcd for C52H92N3O9 [M+H]+: 
902.6834; Found: 902.6833. 
N-((2S,3S,4R)-3,4-Dihydroxy-4-(1-(4-(4-propylphenyl)butyl)-1H-pyrazol-4-yl)-1-
(((2S,3R,4S,5R,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-
yl)oxy)butan-2-yl)-hexacosanamide (6). 78% yield; [α]D
25 +39.5 (c = 0.55, CHCl3); 
1H 
NMR (500 MHz, CDCl3) δ 7.61 (s, 2H), 7.05–7.01 (m, 4H), 4.89 (d, J = 3.5 Hz, 1H), 4.65 
(d, J = 5.5 Hz, 1H), 4.12 (d, J = 7.2 Hz, 2H), 4.01–3.98 (m, 1H), 3.90 (d, J = 2.5 Hz, 1H), 
3.82–3.77 (m, 4H), 3.74–3.68 (m, 4H), 2.58 (t, J = 7.5 Hz, 2H), 2.51 (t, J = 7.5 Hz, 2H), 
2.18 (t, J = 7.2 Hz, 2H), 1.86 (quin, J = 5.6 Hz, 2H), 1.62–1.55 (m, 6H), 1.28–1.24 (m, 48H), 




yl)oxy)butan-2-yl)hexacosanamide (7). 86% yield; [α]D
25 +42.1 (c = 0.70, CHCl3); 
1H 
NMR (500 MHz, CDCl3) δ 7.50 (s, 1H), 7.49 (s, 1H), 7.06 (d, J = 7.5 Hz, 2H), 7.04 (d, J = 
8.0 Hz, 2H), 4.89 (d, J = 4.0 Hz, 1H), 4.66 (d, J = 6.0 Hz, 1H), 4.07–4.01 (m, 3H), 3.90 (d, 
J = 3.0 Hz, 1H), 3.84–3.67 (m, 8H), 2.60–2.52 (m, 4H), 2.18 (t, J = 7.7 Hz, 2H), 1.84 (quin, 
J = 7.5 Hz, 2H), 1.64–1.58 (m, 5H), 1.33–1.24 (m, 46H), 1.19 (t, J = 7.7 Hz, 3H), 0.86 (t, J 




yl)oxy)butan-2-yl)hexacosanamide (8). 79% yield; [α]D
25 +38.5 (c = 0.85, CHCl3/MeOH 
= 1:1); 1H NMR (500 MHz, CDCl3/CD3OD = 1:1; reference peak : CD3OD at 3.31 ppm) δ 
7.61 (s, 1H), 7.57 (s, 1H), 7.03 (d, J = 8.0 Hz, 2H), 7.00 (d, J = 8.0 Hz, 2H), 4.89 (d, J = 
84
3.5 Hz, 1H), 4.13−4.09 (m, 2H), 4.00−3.98 (m, 1H), 3.90 (d, J = 3.5 Hz, 1H), 3.83−3.61(m, 
8H), 2.52 (t, J = 7.5 Hz, 2H), 1.60−1.57 (m, 2H), 2.28 (s, 3H), 2.24−2.17 (m, 2H), 1.82 
(quin, J = 7.1 Hz, 2H), 1.60−1.54 (m, 4H), 1.32−1.24(m, 48H), 0.85 (t, J = 7.0 Hz, 3H); 
13C NMR (75 MHz, CDCl3) δ 175.4, 138.7, 128.8, 122.3, 100.6, 78.5, 74.8, 71.7, 71.0, 70.5, 
69.7, 67.9, 62.4, 51.3, 47.4, 37.1, 32.6, 30.4, 30.3, 30.1, 30.1, 26.6, 23.3, 20.7, 15.9, 14.5; 
HRMS (FAB+) m/z calcd for C52H92N3O9 [M+H]+: 902.6834; Found: 902.6827. 
N-((2S,3S,4R)-3,4-Dihydroxy-4-(1-(7-phenylheptyl)-1H-pyrazol-4-yl)-1-
(((2S,3R,4S,5R,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)-tetrahydro-2H-pyran-2-
yl)oxy)butan-2-yl)hexacosanamide (9). 83% yield; [α]D
25 +36.7 (c = 0.34, CHCl3/MeOH 
= 1:1); 1H NMR (500 MHz, CDCl3/CD3OD = 1:1; reference peak : CD3OD at 3.31 ppm) δ 
7.52 (s, 2H), 7.23−7.10 (m, 5H), 4.89 (d, J = 3.5 Hz, 1H), 4.66 (d, J = 5.5 Hz, 1H), 4.06 (t, 
J = 7.2 Hz, 2H), 4.03−4.00 (m, 1H), 3.90 (d, J = 3.0 Hz, 1H), 3.85−3.68(m, 8H), 2.56 (t, J 
= 7.8 Hz, 2H), 2.18 (t, J = 7.8 Hz, 2H), 1.80 (quin, J = 7.1 Hz, 2H), 1.59−1.55 (m, 4H), 
1.30−1.24(m, 50H), 0.86 (t, J = 6.8 Hz, 3H); HRMS (FAB+) m/z calcd for C52H92N3O9 
[M+H]+: 902.6834; Found: 902.6832. 
Biological Materials. C57BL/6 (B6) mice were obtained from The Jackson Laboratory 
(Bar Harbor, ME). All mice were bred and maintained in specific pathogen-free 
conditions at the animal facility of Seoul National University College of Medicine. All 
animal experiments were performed with the approval of the Institutional Animal Care 
and Use Committee (IACUC) at Seoul National University (authorization no. 
SNU05050203). For EAE inhibition study, the following materials were purchased from 
companies in the parentheses: MOG35−55 peptide (Peptron Inc., Daejeon, South Korea), 
Freund’s adjuvant (IFA, Sigma-Aldrich, St. Louis, MO), M. tuberculosis (Difco Laboratories, 
Sparks, MD), Pertussis toxin (Sigma-Aldrich), collagenase D (Roche, Indianapolis, IN), 
DNase I (Sigma-Aldrich), 10% FBS (Gibco), antibiotics (Gibco), L-glutamine (Gibco), 2-
mercaptoehanol (Sigma-Aldrich), PMA (Sigma-Aldrich), ionomycin (Sigma-Aldrich), and 
brefeldin A (BD Pharmingen, San Diego, CA). 
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In Vitro and In Vivo Stimulation of iNKT Cells. Murine hepatic mononuclear cells 
(HMNCs) were isolated from wild-type C57BL/6 mice using Percoll gradients. Cells were 
suspended in RPMI-1640 containing 10% FBS (Gibco), antibiotics (Gibco), L-glutamine 
(Gibco), and 2-mercaptoehanol (Sigma-Aldrich). Cells (2 × 105 cells) were stimulated 
with compound 1 or an analogue (3−9, 25 nM) in a 96-well plate for 72 h. Supernatants 
were collected and assayed to quantify secreted cytokines by ELISA. To stimulate NKT 
cells in vivo, mice were injected intravenously with 2 μg of compound 1 or analogue 
5. Sera were collected at 2 and 16 h after injection. All assays were performed in 
triplicate and were repeated two or three times independently. Data are presented as 
the mean ± SD. 
Enzyme-Linked Immunosorbent Assay (ELISA). ELISA plates (Costar, Cambridge, MA) 
were coated overnight with anti-IFN-γ, anti-IL-4, or anti-IL-17 monoclonal antibody (BD 
Pharmingen, San Diego, CA) at 4 °C. Wells were blocked with PBS containing 1% bovine 
serum albumin (Sigma Aldrich, St. Louis, MO) for 1 h at room temperature (rt) and 
incubated with culture supernatants or serum overnight at 4 °C. After washing, plates 
were incubated with a biotinylated anti-IFN-γ, anti-IL-4, or anti-IL-17 antibody for 1 h 
at rt, followed by streptavidin-conjugated horseradish peroxidase for 1 h at rt. Color 
was developed with TMB solution (eBioscience, San Diego, CA), and absorbance was 
read at 450 nm with a Multiskan Ascent plate reader (MTX Lab Systems, Vienna, VA). 
EAE Induction. Single cell suspensions prepared from peripheral lymph nodes and 
spleens of 2D2 TCR transgenic mice (6−10 weeks of age) were stained with FITC-
conjugated anti-Va3.2 (RR3-16), PEconjugated anti-Vβ11 (RR3-15), and PE-Cy5-
conjugated anti-CD4 (RM4-5) antibodies (BD Pharmingen, San Diego, CA). 2D2 
lymphocytes containing 1 × 106 Vα3.2+Vβ11+ CD4+ T cells were injected into wild-type 
(WT) B6 through the tail vein. After 24 h, mice were immunized subcutaneously (sc) in 
each flank with 200 μg MOG35−55 peptide (Peptron Inc., Daejeon, South Korea) 
emulsified in incomplete Freund’s adjuvant (IFA, Sigma-Aldrich) containing 200 μg M. 
tuberculosis (Difco Laboratories, Sparks, MD). At the immunization step, 2 μg of 5 or 1 
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mixed with the antigen cocktail emulsified in the antigen preparation (MOG peptide) 
pertussis toxin (200 ng/ea, Sigma-Aldrich) was injected intraperitoneally on both the 
same day and 2 days after immunization. The severity of EAE was monitored and graded 
on a scale of 0 to 5: 0, no sign of disease; 1, limp tail; 2, hind limb weakness; 3, hind 
limb paralysis; 4, hind and fore limb paralysis; 5, moribund and death. 
Histopathological Analysis of the Spinal Cord. Anesthetized mice were perfused with 
cold PBS and 4% paraformaldehyde through the left ventricle. The lumbar spinal cord 
was removed, postfixed in 4% paraformaldehyde, tissue-processed, and embedded in 
paraffin. Sections were stained with H&E. 
In Vitro Stimulation and Flow Cytometric Analysis of Mononuclear Cells Isolated 
from the Spinal Cord. The abovementioned mononuclear cells were restimulated with 
PMA (50 ng/ mL) and ionomycin (1 μg/mL) for 4 h. Supernatants were harvested and 
cytokine levels were measured by ELISA. For intracellular cytokine staining, brefeldin A 
(1 μg/mL) was added for the last 2 h of the incubation. In vitro stimulated cells were 
stained with antibodies against surface molecules, fixed with 4% paraformaldehyde 
(Sigma-Aldrich), and permeabilized with Triton buffer (0.5% Triton X-100 plus 0.1% 
bovine serum albumin in PBS). Cells were subsequently stained with PE-Cy5-conjugated 
anti-CD4 (eBioscience, San Diego, CA), PE-conjugated anti-IL-17 (BD Pharmingen), and 
APCconjugated anti-IFN-γ (eBioscience) antibodies. Flow cytometric analysis was 
conducted on a FACSCalibur system (BD Bioscience, San Jose, CA) and analyzed by 
Flowjo software (Tree Star, Ashland, OR). 
Statistics. All values shown represent the mean ± standard error of mean (SEM) of each 
group. Two-way analysis of variance (ANOVA) and Bonferroni post hoc tests were used 
to compare the EAE clinical scores between the two groups. Statistical significance was 
analyzed using Student’s t-test. All p values less than 0.05 were considered statistically 
significant. The SPSS software package (ver. 11.0; SPSS Inc., Chicago, IL) was used for 
all statistical analyses. 
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Chapter 2. Rational Design and Synthesis of              
α‑Galactosylceramide Analogues Interacting 
with CD1d Protein as Covalently 
 
2.2.1. Introduction 
Invariant Natural Killer T cell (iNKT), a unique subset of lymphocytes, have 
received significant attention for their crucial role in both innate and adaptive immunity 
under the broad spectrum of pathological conditions.74 The most noticeable 
differentiating feature of iNKT cell from conventional T cells is their recognition ability 
of glycolipid antigen instead of peptide. Once iNKT cell is activated, it rapidly secretes 
various cytokines and chemokines act as proinflammatory and/or immunomodulatory 
effects.74, 81 Sequentially, effector molecules stimulate other immune cells such as 
dendritic cells75, NK cells76, macrophage77, B cells76b, 78, T cells76b, 79, neutrophils80. It is 
well known that set of cytokines released by iNKT cell arises typical types of immune 
response. Under the infectious conditions caused by external pathogens, Th1 (T helper 
1) cytokines such as interferon-γ (IFN-γ) and tumor necrosis factor (TNF) are secreted 
and promote proinflammatory immune response.82 In contrast, Th2 cytokines including 
Interleukin-4 (IL-4), IL-5 and IL-10 are modulate inflammatory response by antagonizing 
Th1 cytokines and it showed beneficial effects in autoimmune diseases such as type 1 
diabetes, multiple sclerosis, arthritis and colitis.74d, 83 Recently, in addition to 
conventional Th1/Th2 immune response,84 it has been revealed that there is an another 
subset of iNKT cells producing Th17 cytokines (IL-17, Il-22)85 playing a crucial role in 
not only many infectious diseases but also autoimmune diseases.86 Such ability for 
inducing Th17 response as well as Th1 and Th2 clearly illuminate the importance of 
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iNKT cell in immune system. 
 α-Galactosylceramide (α-GalCer), originated from marine sponge, is a potent 
antigen stimulating iNKT cell.87 α-GalCer is recognized by T cell receptor (TCR) of iNKT 
cell after presented by CD1d protein on antigen-presenting cell (APC). The binding 
mode of α-GalCer–CD1d binary complex was well elucidated in a number of studies 
supported by X-ray crystallography.88 CD1d have the two deep binding pockets, A’ and 
F’. Sphingosine chain occupies relative more opening F’ pocket and acyl chain of α-
GalCer fit into more large, deep, and donut shaped A’ pocket. Most of the side chain 
residues in both binding grooves of CD1d are hydrophobic so the hydrophobic 
interaction with dual long fatty acid chain is major contributor in binding event with α-
GalCer. On the other hand, polar portion of α-GalCer formed hydrogen bonding 
network at the entrance resign of CD1d binding groove and carbohydrate portion 
located on the surface of CD1d to interact with TCR. 
 Because hydrophobic interaction between α-GalCer and CD1d was known as 
the key factor in α-GalCer–CD1d binding, there have been many efforts to perturb this 
interaction by modification in both fatty acid chains such as truncating, introducing 
unsaturated carbon-carbon bonds or aromatic groups.74a, 84, 89 Recently, our group 
reported series of α-GalCer analogs rationally designed based on crystal structure of 
α-GalCer–CD1d binary complex to perturb hydrophobic interaction of α-GalCer–
CD1d.91 We introduced dual aromatic/heteroaromatic rings in sphingosine backbone 
for additional non-covalent interaction with CD1d. The optimum position of 
aromatic/heteroaromatic groups for interaction with Tyr73, Phe77, and Trp133 in F’ 
pocket was identified by systematic construction of α-GalCer library with varying 
position of phenyl ring. And resulting in vitro bioactive α-GalCer (Figure 2.2.1) showed 
very effective immunomodulatory effect in vivo mice model of multiple sclerosis. 
 Despite hydrophobic residues is dominant in deep binding pockets of CD1d, 
there are some side chain residues able to potentially participate hydrophilic interaction 
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Figure 2.2.1. Chemical structure of bioactive α-GalCer analogs and novel α-GalCer 
derivatives containing covalent bond-forming moiety. 
 
such as Cys12, Gln14, Ser28, His38, and Trp133. And there are some tries to induce 
additional hydrogen bonding by introducing ω-hydroxyl group in the middle of acyl 
chain18 or multiple hydroxyl groups at the beginning position in acyl and/or sphingosine 
backbone.19   
 As mentioned above, all of the previous structural modifications in fatty acid 
part of α-GalCer is focused on non-covalent interactions. To develop α-GalCer 
modulating iNKT activity with novel mechanism, we gave our attention in covalent 
interaction. According to crystal structure of CD1d (Protein Data Bank code 3he6),93 
two cysteine residues, Cys12, Cys168 exist in deep site of A’ pocket very close to acyl 
chain within 5Å, potentially form the covalent bond with proper electrophiles during 
induced fitting of α-GalCer.88c, 94 Especially, Cys12 locates central position in A’ pocket 
so it is circled around by donut-shaped acyl chains. In addition to their proximity, 
position of two cysteine residue is adequately close to the terminal portion of acyl 
chain. We expected two advantages in forming covalent bond at deep site of binding 
pocket. First, A’ binding pocket can be more filled by long fatty acid chain if covalent 
site locates as deeper as possible. Second, as covalent site locating far from the  
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Figure 2.2.2. (a) Binding mode of KRN7000, representative α-GalCer, in CD1d (b) 
schematic presentation of α-GalCer analogs containing covalent bond-forming moiety 
(c) Cys12 and Cys168 in crystal structure of KRN7000–CD1d binary complex. 
 
entrance of binding pocket, least deviation of hydrogen bonding network would be 
possible which is known as crucial to proper presentation of carbohydrate for TCR 
interaction. 
 Envisioned by novel α-GalCer as iNKT cell modulator based on covalent 
interaction with CD1d, we designed series of α-GalCer analogs containing thiol and α-
fluoroketone as covalent bond-forming groups potentially able to binds to CD1d 
reversibly and irreversibly respectively (S1–S5 and F1–F5 in Figure 2.2.1.). Thiol and α-
fluoroketone were selected because of their small size for minimal steric interference in 
binding event of long-fatty acid into deep binding pocket. To investigate the effect only 
by covalent interaction, covalent bond-forming moiety was attached in long saturated 
alkyl chain without any other functional groups as same as KRN7000, a representative 
α-GalCer. Furthermore, for the systematic study about positioning effect of covalent 
bond-forming moiety, α-GalCer analogs were designed with various chain length one 
carbon unit by one. It is worthy to note that, to the best of our knowledge, this is the 
first trial to modulate α-GalCer–CD1d interaction covalently. 
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2.2.2. Result and discussion 
KRN7000, prototypical α-GalCer, has fully saturated C-26-length acyl chain. And 
our target α-GalCer molecules also have long fatty acyl chain with C-18 to C-23-length 
similar as KRN7000 in addition to thiol or α-fluoroketone moiety for covalent interaction 
with its receptor protein. For generating long fatty acid with various chain length, we 
envisioned that medium-length intermediates having about half of desired length are 
generated initially, then elongate them by linking together as combinatorial manner to 
produce various full-length fatty acid chains. Asymmetric sp-sp cross coupling under 
the Cadiot-Chodkiewicz reaction condition was used to connect terminal alkynes and 
brominated alkyne prepared as medium-length intermediates. Generation of ω-thiol or 
α-fluoroketone moiety was achieved at late stage of the synthetic procedure. The 
detailed synthetic procedure is described below. 
Synthesis of elongated diynes as common indermediate  As shown in scheme 2.2.1, 
we started synthetic procedure from propargyl alcohol. First elongation of chain length 
was achieved by substitution reaction with 3 bromoalkanes having different length. 
Terminal alkyne of propargyl alcohol was used as a nucleophile in the presence of n-
BuLi and HMPA to give compound 1{7}–1{9}. Then terminal alkyne was regenerated 
via alkyne zipper reaction under the condition of NaH and 1,3-diaminopropane because 
it was essential for second chain elongation by sp-sp cross coupling. In alkyne zipper 
reaction, aminoalkylamide generated from hydride and diamine species moves internal 
triple bond to terminal position by allene-alkyne interconversion.95 Interestingly, using 
1,2-aminoethane in alkyne zipper reaction for generating amide gave not only terminal 
alkyne but also internal alkyne as inseparable mixture (data not shown). On the other 
hand, 1,3-diaminopropane, having one more carbon between diamino group 
comparing 1,2,-diaminoethane, gave desired terminal alkyne perfectly with high yield. 
Through substitution and alkyne zipper reaction, three elongated alcohols (2{7}–2{9}) 
having C-8 to C-11 chain-length with terminal alkyne were obtained. After first 
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Scheme 2.2.1. Synthetic procedure for the preparation of intermediates 6{6,6}–6{9,9}. 
 
aSynthesized from commercially available 7-octyn-1-ol. 
 
elongation of chain length, we prepared the substrates of cross coupling reaction for 
second elongation. Brominatoin of terminal alkyne under the N-bromosuccinimide and 
silver nitrate gave 3{6}–3{9} (3{6} was synthesized from commercially available 7-octyn-
1-ol). For another coupling partner, 4{6}–4{9}, having protected hydroxyl group, were 
prepared for differentiating two hydroxyl groups after cross coupling reaction (4{6} was 
generated from commercially available 7-octyn-1-ol). Then 3{6}–3{9} and 4{6}–4{9}  
were linked together by Cadiot-Chodkiewicz coupling reaction to yield 5{6,6}–5{9,9} 
having C-16 to C-22 chain length. After success of second elongation step, hydroxyl 
group of 5{6,6}–5{9,9} was mesylated for the further modification. The resulting 6{6,6}–
6{9,9} were used as common intermediates for the synthesis of both compound S1–
S5 and compound F1–F5 in later synthetic procedure. 
Synthesis of S1–S5 containing ω-thiol as covalent bond-forming moiety  As the 
first step for the synthesis of S1–S5, the intermediates 6{7,7}–6{9,9} were treated with 
Jones reagent for deprotection of THP group and subsequent generation of carboxylic 
acid simultaneously to yield long-fatty acid 7{6,7}–7{8,9} (scheme 2.2.2). Next, for 
making α-GalCer structure, azido group of α-galactosylazidoshpingoid 8, synthesized 
by previously reported method,91 was reduced to amine by Staudinger reduction then 
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Scheme 2.2.2. Synthesis of S1–S5 containing ω-thiol as covalent bond-forming moiety 
in acyl chain with various chain length from intermediate 6{7,7}–6{9,9}. 
 
coupled with 7{6,7}–7{8,9} under the EDC and DMAP condition. After the construction 
of α-GalCer structure, six benzyl protect-ing groups in resulting 9{6,7}–9{8,9} were 
changed to acetyl groups. By catalytic hydrogenation using Pd(OH)2/C under the 
hydrogen gas, not only six benzyl groups were removed but also two triple bonds were 
reduced and resulted 10{6,7}–10{8,9}. And exchange of protection group was 
completed by the reaction with acetyl chloride in pyridine. Introduction of protected 
thiol moiety was done by the substitution of O-mesyl group in resulting 11{6,7}–11{8,9} 
with potassium thioacetate to give 12{6,7}–12{8,9}. Finally, all six O-acetyl and one S-
acetyl groups in 12{6,7}–10{8,9} were deprotected in basic condition and remaining 
excess amount of base was neutralized and adsorbed by ion-exchange resin. So by 
simple filtration, the desired S1–S5 containing ω-thiol group as covalent bond-forming 
moiety in acyl chain with various chain length could be obtained. 
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Synthesis of F1–F5 containing terminal α-fluoroketone as covalent bond-forming 
moiety  α-GalCer analogs F1–F5 having α-fluoroketone moiety at the end of acyl 
chain were synthesized by following synthetic procedure (scheme 2.2.3). PMB-protected 
ethyl 4-hydroxyacetoacetate, will be converted to fluorine at the late stage, was 
introduced into the intermediates 6{6,6}–6{8,8} by using doubly alpha carbon as a 
nucleophile in the presence of potassium carbonate and potassium iodide. In this 
reaction, clear separation of products 14{6,6}–14{8,8} from remaining reactant 13 was 
tough so purification was done after decarboxylation reaction in next step. Hydrolysis 
and subsequent decarboxylation reaction were proceeded in basic condition 
 
Scheme 2.2.3. Synthetic pathway and reaction conditions for F1–F5 containing terminal 
α-fluoroketone as covalent bond-forming moiety in acyl chain with various chain length 
from intermediates 6{6,6}–6{8,8}. 
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simultaneously to yield 15{6,7}–15{8,9}. Carboxylic acid derivatives 16{5,7}–16{8,8} 
were generated by treatment of Jones reagent via deprotection of THP group and 
subsequent oxidation of alcohol simultaneously. After that, α-galactosylazidoshpingoid 
8 was reduced by Staudinger reaction, as same in the synthesis of 9{6,7}–9{8,9}, to α-
galactosylshpingoid then coupled with 16{5,7}–16{7,9} in the presence of EDC and 
DMAP. And PMB group was selectively deprotected in 5% TFA condition to yield α-
hydroxyketone derivatives 18{5,7}–18{7,9}. Exchange alcohol to fluoride was achieved 
under the combination of perfluoro-1-butanesulfonyl fluoride (PBSF)/NEt3(HF)3/NEt3 in 
acetonitrile. This reaction condition, reported by Huffman96, was afford to direct and 
convenient conversion from alcohol to fluoride. Finally, in resulting 19{5,7}–19{7,9}, six 
benzyl groups were removed and two triple bonds were reduced simultaneously by 
catalytic hydrogenation, and desired α-GalCer analogs F1–F5 having α-fluoroketone 
moiety at the end of acyl chain with various chain length. 
 
2.2.3. Conclusion 
Here in, we reported the design strategy and synthetic method for new series 
of α-GalCer analogs. We envisioned to modulate immune response of NKT by novel 
mode of action. For the rational design of new α-GalCer analog, the X-ray crystal 
structure of α-GalCer–CD1d protein was investigated deliberately. In the A’ binding 
pocket, there are two cysteine residues within 5 Å from α-GalCer and we intended to 
anchor α-GalCer into these cysteine residues by covalently. Due to their location in 
deep site of binding pocket, that is, far from hydrogen bonding network near the 
surface of CD1d, the deviation of molecular configuration of carbohydrate of α-GalCer 
caused by covalent bond formation could be minimized. In addition, covalent bond-
forming moieties, ω-thiol and α-fluoroketone, were carefully selected as their minimal 
size to minimized steric interference in binding event. 
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In synthetic strategy, chain length of long-fatty acids were controlled via twice 
chain elongation steps – substitution with bromoalkanes and asymmetric sp-sp cross 
coupling. Synthetic tactics used for chain elongation is very useful especially in varying 
chain length. By the combination of alkynes with different chain length, we precisely 
controlled the length of fully saturated-long aliphatic chain as one methylene unit by 
one. This strategy might be very helpful to identify the optimum position of covalent 
bond-forming moiety in formation of reversible or irreversible covalent bond. 
Of course, we are undergoing the verification about covalent interaction 
between synthetic α-GlaCer analogs and CD1d and the investigation about the 
biological activity of α-GlaCer derivatives in due course. 
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Chapter 3. Development of Synthetic Pathway 
for Endogenous α-Galactosylceramide and Its       
Derivatives of Bacteroid fragilis  
 
2.3.1. Introduction 
Numerous microorganism, commonly known as at least 90% of total number 
of cells in whole body, live in and on human bodies.97 They have been coevolved with 
host and provide various beneficial functions that host had not evolved their own. As 
increasing awareness about the importance of symbiotic microorganism, the terms like 
microbiota, complex ecological community of microorganism, and microbiome, whole 
genome of microbiota, were generated and widely used.98 Furthermore, due to the 
significant roles contributing in genetic variations and functions, microbiome have 
received more highlight even considered as second genome of human.99 Symbiotic 
microorganism plays a pivotal roles also in host immune system.97a, 100 Especially, the 
exposure to symbiotic bacteria is known as critical factor for susceptibility to various 
pathogenic conditions. For example, Kasper groups and Blumberg groups reported 
about the influence of bacterial exposure on invariant natural killer T (iNKT) cell function 
in mice model.101 They found out the effect on quantities and function of iNKT cell by 
symbiotic bacteria was highly age-dependent and persisting for whole life span. 
 Despite of their importance in host immune system, effector molecules derived 
from symbiotic microorganism and their mechanism are largely known. Various hurdles, 
such as the limited numbers of bacteria cultured in laboratory environment with high 
homogeneity or the hardness of isolation from bacterial extracts with single entity, 
makes the research about effect of symbiotic bacteria more challenging. Actually, the 
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Figure 2.3.1. Chemical structure of bacterial α-GalCers, KRN7000 and newly synthesized 
α-GalCers analogues 
 
isolated α-Galactosylceramide (α-GalCer) proposed as endogenous effector molecule 
of Bacteroid fragilis‘s glycosphingolipid (GSL) in above mentioned reports showed 
somewhat confusing biological effect on iNKT cell population and functions in other 
report.102 Heterogeneity of isolate extracted from bacteria might be one reason.102 So, 
in order to understand about the influence of symbiotic bacteria on host immune 
system more deeply, identifying exact structure of effector molecule and acquiring it as 
single molecule are the essential prerequisites. 
In this context, we envisioned to develop a novel synthetic pathway for α-
GalCer analogues, potential candidates of endogenous effector molecule in B. fragilis’s 
GSL. Our synthetic route is a combinatorial and divergent method affording not the 
only single target molecule but the series of α-GalCer analogues. Systematic 
modification on bacterial α-GalCer by our synthetic method would enable to identify 
exact structure of effector molecule as well as systematic study about their biological 
activity depends on structural change. 
 
2.3.2. Result and discussion 
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Proposed endogenous α-GalCer of B. fragilis have somewhat interesting 
structural feature. For example, acyl chain of B. fragilis’s GSL contains a very unique β-
hydroxyl group comparing other natural α-GalCers commonly having no-substituted or 
α-hydroxyl aliphatic chain (Figure 2.3.1).101b, 102, 103 And in sphingosine backbone, it has 
only one hydroxyl group at C3 position instead of 3,4-dihydroxyl groups in prototypical 
α-GalCer KRN7000.104 Most uniquely, there are branch structures at the terminal 
position of both acyl and sphingosine chain of B. fragilis’s GSL. Especially, structure of 
sphingosine chain is very similar with that of agelasphin-9b, the original α-GalCer of 
KRN7000, in Agelas mauritianus not only iso-butyl group at terminal position but also 
same chain length.105 The only difference is an absence of hydroxyl group at C4 position. 
For efficient and systematic synthesis, we intend to generate α-GalCer structure 
as combinatorial manner by coupling with acyl chain and galactosylsphingoid. So 4 
kinds of fatty acid chains and 4 kinds of galactosylsphingoid were prepared as building 
blocks. The synthesis of acyl chain and galactosylsphingoid building blocks was 
performed as following three stages; 1) backbone generation 2) elongation 3) 
diversification. In backbone generation stage, describing more detail, short aliphatic 
region having functional groups with specific stereogenic configuration was produced 
by proper selection of starting material and/or stereoselective reaction. And in 
elongation stage, chain length of backbone structure was lengthened by addition of 
alkyne chain having desirable chain length and modifiable moiety. In third 
diversification stage, terminal position of acyl chains and galactosylsphingoids was 
decorated with various normal or branch structures by sp3-sp3 cross coupling reaction. 
After preparation of both acyl chain and galactosylsphingoid building blocks 
respectively, resulting building blocks were combined as matrix form. Detailed synthetic 
procedures is described below. 
Synthesis of Carboxylic Acid building blocks  As mentioned above, notable structural 
features in acyl chain of B. fragilis’s GSL are 1) containing β-hydroxyl group with (R) 
stereochemistry 2) consisting of long saturated aliphatic chain with C-15 to C-17 length 
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3) having branch structure at the terminal position. For (R)-OH group at β position, we 
chose L-(–)-malic acid (1) as a starting material which already have hydroxyl group at 
right position with desired stereochemistry (Scheme 2.3.1). That is, the backbone 
generation stage for acyl chain building blocks was achieved by appropriate selection 
of starting material. L-(–)-malic acid (1) was reduced to 1,2,4-butanetriol (2) by borane. 
To differentiate resulting three hydroxyl groups of 2, two adjacent hydroxyl groups 
were tethered as acetonide. However, acetonide ring formation reaction gave an 
inseparable mixture of 1,2-acetonide 3a and 1,3-acetonide 3b with 8:1 – 15:1 ratio as 
similar as previous reports.106 After p-methoxylbenzyl (PMB) protection of remaining 
alcohol, fortunately, 1,2- (3a) and 1,3-isomers (3b) were separable by silica-gel flash 
column chromatography, so pure 1,2-isomer 4 could be obtained. Next, to distinguish 
tethered two hydroxyl groups, acetonide ring was opened by catalytic amount of 
pyridinium p-toluenesulfonate (PPTS) to generate 1,2-diol 5. Then, primary alcohol of  
 
Scheme 2.3.1. Synthetic procedure for carboxylic acid building blocks 14{i17}–14{n16}. 
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5 was mesylated in the presence of collidine as a base at low temperature. After 
differentiating all three hydroxyl groups successfully, resulting compound 6 was treated 
with tetrabutylammonium hydroxide (Bu4NOH) and epoxide 7 was generated. 
Elongation of backbone structure, as second stage in building block synthesis, 
was achieved by introducing medium-length 8 into epoxide 7. In the presence of boron 
trifluoride as a Lewis acid, epoxide ring opening reaction by terminal alkyne 8 having 
O-THP group was proceeded smoothly. After the success of chain-length elongation, 
we tried to protect one remaining hydroxyl group in resulting compound 9 as 
benzylether. However, unfortunately, we failed to make benzylehter under neither the 
basic condition using sodium hydride nor neutral condition via generating triflated 
benzylether (TfOBn). Benzyl protection of hydroxyl group at C3 position was even 
unsuccessful in the presence of tert-butyldimethylsilylether (O-SitBuMe2) as 
neighboring group in place of O-PMB. Instead of direct benzylation, internal triple bond 
in compound 9 was partially reduced to cis-alkene by catalytic hydrogenation using 
Lindlar catalyst. Then, eventually, resulting 10 was benzylated and compound 11 could 
be synthesized. 
As third stage, diversifying of terminal position accomplished by sp3-sp3 cross 
coupling. Sp3-sp3 cross coupling reactions has been considered very powerful and 
important method for direct formation of saturated carbon-carbon bond as well as 
synthetically challenging work.11 However, substantial number of metal catalyzed sp3-
sp3 cross coupling reactions of unactivated alkylhalide or pseudo-halide with Grignard 
reagent by various metal catalysts such as Cu, Ni, Zn, Fe have been reported.107b, 108 The 
value of these synthetic methods has been proved even in total synthesis of complex 
natural products.109 We applied this valuable synthetic method to decorate terminal 
position of long-aliphatic chain. For the preparation of substrate for cross coupling 
reaction, THP protected alcohol in compound 11 was changed to iodide via substitution 
with sodium iodide after mesylation of alcohol followed by deprotection of THP group 
under acidic condition. With resulting alkylidode 12, Grignard reagents having branch 
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structures (iso-butyl, secbutyl) and normal chains (ethyl, n-propyl) were successfully 
coupled in the presence of Li2CuCl4 as a catalyst to yield 13{i17}–13{n16}. Lastly, 
carboxylic acid derivatives 14{i17}–14{n16} were synthesized from 13{i17}–13{n16} by 
PMB deprotection under the acidic condition and subsequent oxidation by Jones 
reagent. 
Synthesis of α-Galactosylshpingoid building blocks  Sphingosine chain of B. fragilis’s 
GSL consists of two hydroxyl groups and one amino group on long saturated aliphatic 
chain (Figure 2.3.1). Among them, amino group at C2 position and hydroxyl group at 
C3 position has both (R) stereochemistry. To generate backbone structure with proper 
stereogenic configuration, we initiated our synthetic procedure for galactosylsphingoid 
building block from Garner’s aldehyde (16). (R)-NH2 at C2 position in sphingosine 
backbone was already imbedded in oxazolidine of 16 and remaining (R)-OH at C3 
position could be generated by addition of nucleophile controlled by Felkin-Ahn 
 
Scheme 2.3.2. Synthetic pathway for α-galactosylsphingoid building blocks 24{i17}–
24{n19}. 
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product as similar in previously reported method.110 We used alkyne 17 as a 
nucelophilie prepared from propargyl alcohol via substitution with bromoheptane 
followed by alkyne zipper reaction and subsequent TBDPS protection (as previously 
reported method in chapter 2). Addition of alkyne 17 into Garner’s aldehyde (16) 
resulted desired anti-product 18 as stereoselective manner (anti:syn = 6:1). In the case 
of galactosylsphingoid building block, first backbone generation stage and second 
elongation stage were achieved by at once. Resulting hydroxyl group of 18 was 
protected as benzylether to give 19. Then, hydroxyl group at C1 position and (R)-NH2 
at C2 of sphingosine backbone were generated by simultaneous opening of oxazolidine 
ring and deprotection of Boc group. And amino group at C2 position was converted to 
azide yielding azidosphingosine 20 for the formation with O-glycosidic bond. Glycosidic 
linkage was created by the treatment of galactosyl iodide with azidosphingosine 20 as 
highly α-selective manner (α:β = 6.5:1) with excellent yield. Before modification at 
terminal position of sphingosine, azido group in 21 was converted to protected amine 
via Staudinger reduction followed by the protection of amine as Boc group due to the 
instability of azido group under the Grignard reagent in Cu-mediated cross coupling 
reaction.  
Modification of terminal position in galactosylsphingoid to normal or branch 
structures, as third diversification stage, was accomplished largely similar as above. 
Iodide compound 23, substrate of cross coupling, was generated from 22 by the 
conversion of silyl-protected alcohol to iodide. And it was successfully coupled with 
Grignard reagents having branch (iso-butyl, secbutyl) or normal (ethyl, n-propyl) 
structures using by Cu(II) catalyst and preparation of 4 kinds α-galactosylsphingoids 
(24{i17}–24{n19}) were completed. 
Construction of 16-membered α-GalCer library  With four carboxylic acids 
(14{i17}–14{n16}) and four α-galactosylsphingoids (24{i17}–24{n19}) in hands, we 
combined them for construction of total 16-membered α-GalCer analogs library 
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Scheme 2.3.3. Synthetic procedure of coupling between acyl chain building blocks 
and α-galactosylsphingoid building blocks combinatorial fashion and construction of 
16-membered α-GalCer library. 
 
(Scheme 2.2.3). α-Galactosylsphingoids 24{i17}–24{n19} were coupled with carboxylic 
acids 14{i17}–14{n16} under the EDCI and DMAP after deprotection of Boc group in 
acidic condition. Lastly, all six O-benzyl groups and unsaturated cis-double bond and 
triple bond in resulting α-GalCers 25{i17,i17}–25{n16,n19} were removed and reduced 
simultaneously by catalytic hydrogenation using Pd(OH)2/C under the hydrogen 




We developed the novel synthetic pathway for potential candidates of α-GalCer 
analogues proposed as endogenous effector molecule of B. fragilis‘s GSL. It is worth to 
note that, by our divergent and combinatorial synthetic pathway, terminal structure in 
both fatty acid chains of α-GalCer could be modified with various normal or branch 
structures what is the most unique character of B. fragilis‘s GSL. Both acyl chains and 
galactosylsphingoid building blocks were systematically prepared by 3 stage synthetic  
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Figure 2.3.2. LC/MS analysis of 26{i17,i17} and isolate from B. fragilis. (a) UV 
chromatogram (b) fragmentation pattern. 
 
strategy – backbone generation, elongation and diversification. Then, combination of 
four acyl chain building blocks and four galactosylsphingoid building blocks generated 
total 16-membered α-GalCer analogues library very easily. To maximize synthetic 
efficacy, we carefully designed synthetic pathway as diversification and combination 
step of building blocks located at very late stage. 
In addition to synthetic advantages, our total 16-membered synthesized α-
GalCer derivatives (26{i17,i17}–26{n16,n19}) are fully covered the mass range of 
proposed endogenous effector molecules of B. fragilis in previous reports.5b, 6 For 
example, six α-GalCers 26{i17,i17}, 26{i17,a17}, 26{a17,i17}, 26{a17,a17}, 26{n15,n19}, 
and 26{n16,n18} have molecular weight 717, reported as major component of B. 
fragilis‘s GSL. And there are α-GalCer analogues having one less methylene unit 
(26{n15,n18}, 26{n16, i17}, and 26{n16, a17}), or two less methylene units (26{n15,i17}, 
26{n15,a17}) respectively. In exactly opposition to this, the mass range of one more 
methylene unit (26{n15,n19}, 26{i17,n18 }, and 26{a17,n18}) or two more methylene 
units (26{i17,n19}, 26{a17, n19}) also were covered by our synthetic α-GalCer 
derivatives. Actually, we analyzed 26{i17,i17} having iso-butyl structure in both fatty 
acid chain as a representative α-GalCer by LC/MS and it gave well-matched retention 
26{i17,i17} 
Mixture of 26{i17,i17} 
and isolate 
Isolate from B. fragilis  
(a) 
26{i17,i17} 
Isolate from B. fragilis  
(b) 
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time and fragmentation pattern of isolate from B. fragilis (Figure 2.3.2). Further 
investigation and biological validation of our synthetic α-GalCer analogues will be 
proceeded in due course. Finally, we hope our synthetic α-GalCer analogues and their 
synthetic strategy would become a cornerstone for comprehensive understand about 
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 생명현상에 대한 호기심은 과학의 가장 기본적인 주제이다. 왓슨과 크릭이 
DNA의 이중 나선구조를 밝힌 역사적인 성과이래로 ‘중심원리(central dogma)’라고도 
불리우는 DNA에서부터 단백질에 이르는 생명현상의 과정에 대한 우리의 이해는 엄
청난 발전을 하였다. 생명현상을 밝히기 위한 연구적 도구로써 유전자 변형, 유전자 
삽입 및 제거와 같은 다양한 유전자 기술이 발전하였다. 생명 현상 연구에 있어서 이
러한 전통적인 유전체학 접근법의 상호보완적인 접근 방법으로써 화학유전체학
(chemchemi genetics)이 각광을 받고 있다. 넓은 의미에서, 화학생물학이란 생체 요소
들과 상호작용을 하는 저분자 화합물을 이용해서 생명현상을 연구하는 학문을 뜻한
다. 따라서 생리활성을 가지는 저분자 화합물을 발굴하는 것은 화학생물학 분야에 있
어서 필수적인 선행요건이다. 
 생리활성을 가지는 저분자 화합물을 발굴하는데 있어서는 다음의 두 가지 
목표를 설정할 수 있다. 첫째는 특정 생체 표적에 편향되지 않은 상태에서 새로운 표
적 및 새로운 작용원리에 의해 생리활성을 가지는 저분자 화합물을 찾는 것이다. 이 
경우에는 새롭고 넓은 영역의 화학공간(chemical space)을 점유(cover)하기 위해 저분
자 화합물의 분자다양성을 확보하는 것이 매우 중요하다. 두 번째로는 표적으로 하는 
생체 요소가 있고 이로 인한 생명현상을 조절하는 저분자 화합물을 발굴하는 것이다. 
이 경우에는 X-ray 결정 구조 등과 같은 구조적 정보를 기반으로 새로운 저분자 화합
물을 합리적으로 디자인 하는 것이 가능하다. 본인은 이러한 두 가지의 목표를 가지
고 생리활성을 가지는 저분자 화합물을 합성 및 발굴하고자 박사 과정 동안 연구를 
진행하였다. 
 파트 I 에서는 분자 다양성 기반 접근 방법(molecular diversity-based 
approach)으로써 저분자 화합물의 구조이성질체들을 선택적으로 합성할 수 있는 합
성법을 개발하고 이를 응용하여 저분자 화합물 라이브러리를 구축하여서 생리활성을 
가지는 새로운 저분자 화합물을 발굴한 일련의 연구에 대해 기술하였다. 챕터 1 에서
는 tetrahydroindazolone 구조를 독점적 구조(privileged structure)로 선정하여 구조이
성질체들을 위치선택적으로 합성하는 합성법을 개발하였다. 이를 바탕으로 챕터 2와 
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챕터 3 에서는 위치선택적인 합성방법을 응용하여 액체상 및 고체상에서 효율적으로 
저분자 화합물 라이브러리를 구축하였고 화합물들의 항암효과까지 확인하였다. 
 파트 II 에서는 단백질 구조 기반 접근 방법(protein structure-based approach)
로써 표적 단백질과 그 리간드의 결정 구조를 기반으로 새로운 리간드를 합리적으로 
설계하고 그 합성방법을 개발한 일련의 연구를 소개하였다. 특히, 면역 체계에서 중요
한 역할을 담당하는 자연 살해 T 세포(natural killer T cell)와 그 리간드인 알파갈락토
실세라마이드(α-galactocylceramide)를 중점적으로 다루었다. 챕터 1 에서는 비공유결
합 상호작용(noncovalent interaction)을 통해 단백질과 리간드의 결합을 조절하는 새
로운 리간드를 합리적으로 디자인 및 합성하고 동물 실험을 통해 자가면역질환에 대
한 치료효과까지 확인하였다. 챕터 2 에서는 공유결합을 통해 표적 단백질과 결합할 
수 있는 형태의 새로운 리간드를 디자인하였고 효율적이고 확고한 합성 방법도 개발
하였다. 마지막으로 챕터 3에서는 자연 살해 T 세포의 내성 리간드(endogenous 
ligand)의 기원을 연구하고자 공생세균이 분비하는 알파갈락토실세라마이드 유도체들








주요어: 생리 활성을 가지는 저분자 화합물, 분자다양성, 독점적 구조, 위치선택적 합
성, 화합물 라이브러리, 고체상 합성, 자연 살해 T 세포, 알파갈락토실세라마이드, 합
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I. Synthetic Procedure for the Synthesis of Boc-protected alkylhydrazine (1) 
(a) tert-Butyl 1-methylhydraz inecarboxylate (1a) and tert-Butyl 1-benz ylhydrazine-
carboxylate (1c) : To a stirred solution of methylhydrazine sulfate (432 mg, 3 mmol) or 
benzylhydrazine monohydrochloride (476 mg, 3 mmol) and Boc2O (720 mg, 3.3 mmol) in 
THF (15 mL), an aqueous NaHCO3 (756 mg, 9 mmol) was added dropwise over 2 h at room 
temperature. After the completion of reaction monitored by TLC, the reaction mixture was 
concentrated under reduced pressure. The resultant was diluted with EtOAc and washed with 
saturated NaHCO3 (aq). The combined organic layer was dried over anhydrous Na2SO4 and 
filtered. Then, the filtrate was condensed under reduced pressure and purified by silica-gel 
flash column chromatography.  
 
tert-Butyl 1-methylhydrazinecarboxylate (1a): 76% as a clear liquid; TLC Rf = 0.36 (1:1, 
EtOAc:hexane, v/v); 1H NMR (500 MHz, CDCl3) δ 4.05 (br s, 2H), 3.04 (s, 3H), 1.46 (s, 9H); 
LRMS (ESI+) m/z calcd for C6H15N2O2 [M + H]
+: 147.11; Found: 147.14. 
 
tert-Butyl 1-benzylhydrazinecarboxylate (1c) : 74% as a clear liquid; TLC Rf = 0.42 (1:3, 
EtOAc:hexane, v/v); 1H NMR (500 MHz, CDCl3) δ 7.35–7.27 (m, 5H), 4.56 (s, 2H), 3.99 (br 
s, 2H), 1.49 (s, 9H); LRMS (ESI+) m/z calcd for C12H19N2O2 [M + H]
+: 223.14; Found: 
223.07.  
 
(b) tert-Butyl 1-prop ylhydrazinecarboxylate (1b) and tert-Butyl 1-cyclopentyl-
hydrazinecarboxylate (1f) : To a stirred solution of propionaldehyde (290 mg, 5 mmol) or 
cyclopentanone (421 mg, 5 mmol) in MeOH (25 mL), benzyl carbazate (914 mg, 5.5 mmol) 
was added and the resulting mixture was stirred at room temperature for 3 h. After the 
reaction completion monitored by TLC, formic acid (0.19 mL, 5 mmol) and NaCNBH3 (1.57 
g, 25 mmol) were added to the reaction mixture and stirred at room temperature for additional 
3 h. After the reaction completion monitored by TLC, the reaction mixture was diluted with 
EtOAc and washed with saturated NaHCO3 (aq). The combined organic layer was dried over 
anhydrous Na2SO4 and filtered. Then, the filtrate was concentrated under reduced pressure 
and purified by silica gel flash column chromatography to provide benzyl 2-
propylhydrazinecarboxylate or benzyl 2-cyclopentylhydrazinecarboxylate.  




2-cyclopentylhydrazinecarboxylate (1.16 g, 4.95 mmol) and Boc2O (1.3 equiv.) in THF (0.1 
M), aqueous NaHCO3 (3 equiv.) was added at room temperature. After the reaction 
completion monitored by TLC, the resulting mixture was concentrated under reduced 
pressure. The remaining residue was diluted with EtOAc and washed by saturated 
NaHCO3(aq). The combined organic layer was dried over anhydrous Na2SO4 and filtered. 
Then, the filtrate was concentrated under reduced pressure and purified by silica gel flash 
column chromatography to yield 2-benzyl 1-tert-butyl 1-propylhydrazine-1,2-dicarboxylate 
or 2-benzyl 1-tert-butyl 1-cyclopentylhydrazine-1,2-dicarboxylate. The resulting 2-benzyl 1-
tert-butyl 1-propylhydrazine-1,2-dicarboxylate (487 mg, 2.34 mmol) or 2-benzyl 1-tert-butyl 
1-cyclopentylhydrazine-1,2-dicarboxylate (1.64 g, 4.90 mmol) was dissolved in methanol 
(0.2 M) and treated with 10% Pd/C (20 wt%) under hydrogen atmosphere for 3~12 h. After 
the reaction completion monitored by TLC, the resulting mixture was filtered through Celite® 
and concentrated under reduced pressure. The desired products, tert-butyl 1-
propylhydrazinecarboxylate 1b and tert-butyl 1-cyclopentyl hydrazinecarboxylate 1f, were 
obtained without further purification 
 
tert-Butyl 1-propylhydrazinecarboxylate (1b): three-step yield: 49% as a clear liquid; TLC 
Rf = 0.29 (1:3, EtOAc:hexane, v/v); 
1H NMR (500 MHz, CDCl3) δ 3.95 (br s, 2H), 3.31 (t, J 
= 7.3 Hz, 2H), 1.57 (sextet, J = 7.2 Hz, 2H), 1.45 (s, 9H), 0.86 (t, J = 7.5 Hz, 3H); LRMS 
(ESI+) m/z calcd for C8H19N2O2 [M + H]
+: 175.14; Found: 175.05. 
 
tert-Butyl 1-cyclopentylhydrazinecarboxylate (1f): three-step yield: 89% as a clear liquid; 
TLC Rf = 0.40 (1:5, EtOAc:hexane, v/v); 
1H NMR (500 MHz, CDCl3) δ 4.39 (pentet, J = 7.0 
Hz, 1H), 3.65 (s, 2H), 1.74–1.64 (m, 6H), 1.53–1.48 (m, 2H), 1.47 (s, 9H); LRMS (ESI+) m/z 
calcd for C10H21N2O2 [M + H]
+: 201.15; Found: 201.05.  
 
(c) tert-Butyl 1-(pyridin-2-ylmeth yl)hydrazinecarboxylate (1d) and tert-Butyl 1-(2-
amino-2-oxoethyl)hydrazinecarboxylate (1e) : To a stirred solution of 2-
(bromomethyl)pyridine hydrobromide (915 mg, 3.62 mmol) or 2-bromoacetamide (500 mg, 
3.62 mmol) in DMF (18 mL), benzyl carbazate (721 mg, 4.34 mmol) and DIPEA (0.95 mL, 
5.43 mmol) were added and the reaction mixture was stirred at room temperature or 50°C for 
overnight. After the reaction completion monitored by TLC, the resulting mixture was diluted 




over anhydrous Na2SO4 and filtered. Then, the filtrate was concentrated under reduced 
pressure and purified by silica gel flash column chromatography to obtain benzyl 2-(pyridin-
2-ylmethyl)hydrazinecarboxylate or benzyl 2-(2-amino-2-oxoethyl) hydrazinecarboxylate. 
The resulting benzyl 2-(pyridin-2-ylmethyl) hydrazinecarboxylate (466 mg, 1.81 mmol) or 
the benzyl 2-(2-amino-2-oxoethyl) hydrazinecarboxylate (355 mg, 1.59 mmol) were 
converted to 1d and 1e by subsequent Boc-protection and Cbz-deprotection as described for 
compound 1b and 1f.  
 
tert-Butyl 1-(pyridin -2-ylmethyl)hydrazinecarboxylate (1d) : three-step yield: 25% as a 
yellowish solid; TLC Rf = 0.14 (1:20, MeOH:DCM, v/v); 
1H NMR (500 MHz, CDCl3) δ 8.55 
(d, J = 5.0 Hz, 1H), 7.65 (dt, J = 7.5, 1.5 Hz, 1H), 7.16 (dd, J = 7.5, 4.5 Hz, 2H), 4.71 (s, 2H), 




tert-Butyl 1-(2-amino-2-oxoeth yl)hydrazinecarboxylate (1e) : three-step yield: 36% as a 
white solid; TLC Rf = 0.24 (1:10, MeOH:DCM, v/v); 
1H NMR (500 MHz, CD3OD) δ 3.98 (s, 
2H), 1.43 (s, 9H); LRMS (ESI+) m/z calcd for C7H16N3O3 [M + H]
+: 190.11; Found: 190.01.  
 
General Procedure for the Synthe sis of 2-acylcyclohexane-1,3-dione (2): To a solution of 
carboxylic acids (1.2 equiv.), DMAP (0.1 equiv.) and EDC (1.3 equiv.) in dry DCM (0.1 M), 
dimedone (1.0 equiv.) was added and the reaction mixture was stirred for 3 h under argon 
atmosphere at room temperature. After the completion of coupling reaction monitored by 
TLC, the reaction mixture was diluted with DCM and washed twice with saturated NH4Cl 
(aq). The combined organic layer was dried over anhydrous Na2SO4 and filtered. Then, the 
filtrate was condensed under reduced pressure and used directly without further purification. 
To a stirred solution of resultants in ACN (0.2 M), KCN (0.1 equiv.) and TEA (2 equiv.) 
were added and stirred at room temperature or 40°C for overnight. The reaction mixture was 
diluted with EtOAc and washed by 1N HCl (aq) twice and by brine twice (hood: HCN!). The 
combined organic layer was dried over anhydrous Na2SO4 and filtered. Then, the filtrate was 
concentrated under reduced pressure and purified by silica gel flash column chromatography 
to provide the desired 2-acylcyclohexane-1,3-dione 2 products.[1] In the case of 5,5-dimethyl-
2-(2,2,2-trifluoroacetyl) cyclohexane-1,3-dione 2h, we got the desired product, which is 





2-Acetyl-5,5-dimethylcyclohexane-1,3-dione (2a): two-step yield: 64% as a yellowish solid; 
TLC Rf = 0.51 (1:3, EtOAc:hexane, v/v); 
1H NMR (500 MHz, CDCl3) δ 18.10 (s, 1H), 2.59 (s, 
3H), 2.52 (s, 2H), 2.34 (s, 2H), 1.06 (s, 6H); 13C NMR (125 MHz, CDCl3) δ 202.7, 198.1, 
195.4, 112.5, 52.6, 47.1, 30.8, 28.7, 28.4; LRMS (ESI−) m/z calcd for C10H13O3 [M − H]
−: 
181.09; Found: 180.81. 
 
5,5-Dimethyl-2-propionylcyclohexane-1,3-dione (2b) : two-step yield: 73% as a yellowish 
solid; TLC Rf = 0.60 (1:3, EtOAc:hexane, v/v); 
1H NMR (500 MHz, CDCl3) δ 18.18 (s, 1H), 
3.05 (q, J = 7.3 Hz, 2H), 2.52 (s, 2H), 2.34 (s, 2H), 1.12 (t, J = 7.3 Hz, 3H), 1.06 (s, 6H); 13C 
NMR (125 MHz, CDCl3) δ 206.7, 197.3, 195.3, 112.0, 52.8, 46.8, 34.3, 30.9, 28.4, 8.5. 
 
2-Benzoyl-5,5-dimethylcyclohexane-1,3-dione (2c) : two-step yield: 74% as a white solid; 
TLC Rf = 0.32 (1:1, EtOAc:hexane, v/v); 
1H NMR (500 MHz, CD3OD) δ 7.62–7.60 (m, 2H), 
7.55–7.52 (m, 1H), 7.43–7.40 (m, 2H), 2.52 (s, 4H), 1.16 (s, 6H); 13C NMR (125 MHz, 
CD3OD) δ 199.1, 193.8, 139.8, 133.3, 129.6, 129.0, 114.9, 79.5, 32.4, 28.5; MS (ESI+) m/z 
calcd for C15H17O3 [M + H]
+: 245.11; Found: 245.05. 
 
5,5-Dimethyl-2-(4-(trifluoromethyl)benzoyl)cyclohexane-1,3-dione (2d) : two-step yield: 
66% as a white solid; TLC Rf = 0.32 (1:20, MeOH:DCM, v/v); 
1H NMR (500 MHz, CDCl3) δ 
16.91 (s, 1H), 7.65 (d, J = 8.5 Hz, 2H), 7.56 (d, J = 8.0 Hz, 2H), 2.66 (s, 2H), 2.38 (s, 2H), 
1.15 (s, 6H); 13C NMR (125 MHz, CDCl3) δ 197.7, 196.2, 194.1, 141.8, 133.0 (q, 
2JC–F = 31.9 
Hz), 128.4, 125.0 (q, 3JC–F = 3.7 Hz), 123.9 (q, 
1JC–F = 271.6 Hz), 112.4, 52.3, 46.2, 31.3, 
28.5; LRMS (ESI−) m/z calcd for C16H14F3O3 [M − H]
−: 311.10; Found: 310.91. 
 
5,5-Dimethyl-2-(3-(methylthio)propanoyl)cyclohexane-1,3-dione (2e) : two-step yield: 37% 
as a yellow liquid; TLC Rf = 0.50 (1:3, EtOAc:hexane, v/v); TLC Rf = 0.45 (1:3, 
EtOAc:hexane, v/v); 1H NMR (500 MHz, CDCl3) δ 17.89 (s, 1H), 3.34 (t, J = 7.3 Hz, 2H), 
2.77 (t, J = 7.3 Hz, 2H), 2.53(s, 2H), 2.34(s, 2H), 2.13(s, 3 H), 1.06 (s, 6H); 13C NMR (125 
MHz, CDCl3) δ 203.6, 197.3, 195.2, 112.3, 52.6, 46.6, 40.6, 30.9, 28.8, 28.3, 15.8. 
 
5,5-Dimethyl-2-(2-(pyridin-3-yl)acetyl)cyclohexane-1,3-dione (2f): two-step yield: 58% as 
a yellowish solid; TLC Rf = 0.40 (1:20, MeOH:DCM, v/v); 




17.69 (s, 1H), 8.50–8.48 (m, 2H), 7.59 (d, J = 7.5 Hz, 1H), 7.23 (dd, J = 7.8, 4.8 Hz, 1H), 
4.38 (s, 2H), 2.55(s, 2H), 2.37(s, 2H), 1.07 (s, 6H) 13C NMR (125 MHz, CDCl3) δ 201.9, 
197.4, 195.2, 151.0, 148.4, 137.6, 130.4, 123.4, 111.9, 52.6, 46.5, 43.9, 30.9, 28.3. 
 
2-(Cyclohexanecarbonyl)-5,5-dimethylcyclohexane-1,3-dione (2g): two-step yield: 74% as 
a yellowish solid; TLC Rf = 0.33 (1:10, EtOAc:hexane, v/v); 
1H NMR (500 MHz, CDCl3) δ 
18.45 (s, 1H), 3.72–3.67 (m, 1H), 2.52 (s, 2H), 2.35 (s, 2H), 1.81–1.78 (m, 4H), 1.73–1.70 (m, 
1H), 1.42–1.36(m, 4H), 1.25–1.19 (m, 1H), 1.07 (s, 6H); 13C NMR (125 MHz, CDCl3) δ 







































II. Representative Synthetic Scheme for Tetrahydroindazolones 
 
Conventional Condensation with free alkylhydrazine. Synthesis of tetrahydroindazolones 




General Procedure for Conventional Condensation w ith Free Alky lhydrazine : To a 
stirred solution of free alkyl hydrazines (1.5 equiv.) in EtOH (0.1 M), 2-acylcyclohexane-1,3-
diones 2 (1 equiv.) was added and the resulting mixture was stirred at 60°C. After the 
completion of the reaction monitored by TLC, the reaction mixture was concentrated under 
reduced pressure. The resultant was diluted with EtOAc and washed with saturated 
NH4Cl(aq). The combined organic layer was dried over anhydrous Na2SO4 and filtered. Then, 
the filtrate was condensed under reduced pressure and purified by silica-gel flash column 
chromatography to provide desired products 3 and 4. In the case of methylhydrazine sulfate 
and benzylhydrazine monohydrochloride for the conventional condensation, the reaction was 
performed in EtOH at 60°C after the neutralization of the hydrazine salt with equal molar 













Path I. Regioselective Synthesis of 1-alkyl-3-substituted tetrahydroindazolones 3 via the 



























































































































































































































































































































































































































Chapter 2. Regioselective Construction and Screening of 
1,3-Disubstituted Tetrahydroindazolones in 
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1. Synthetic Procedure for substituted hydrazines 1 
In the case of commercial available hydrazines, we used them without further purification. 








(3).  Yield: 68.4%, 1H NMR (500 MHz, CDCl3) δ 17.82 (s, 0.43 ⅹ 1H), 17.69 (s, 0.57 ⅹ 1H), 5.41 (m, 
0.43 ⅹ 1H, 0.57 ⅹ 1H), 3.52 (m, 0.43 ⅹ 2H, 0.57 ⅹ 2H), 2.56 (m, 0.43 ⅹ 2H, 0.57 ⅹ 2H), 2.38 (m, 0.43 
ⅹ 3H, 0.57 ⅹ 3H), 1.85 (m, 0.43 ⅹ 3H, 0.57 ⅹ 3H), 1.44 (s, 0.43 ⅹ 9H), 1.32 (s, 0.57 ⅹ 9H), 1.09 (s, 
0.43 ⅹ 6H), 1.08 (s, 0.57 ⅹ 6H); LRMS (EI+) m/z calcd for C18H27NO5 [M+H]
+ : 338.19; Found : 338.21. 
 
(S)-1-Hexyl-6,6-dimethyl-3-(pyrrolidin-2-yl)-6,7-dihydro-1H-indazol-4(5H)-one (6a). Yield: 99.2%, 
1H NMR (500 MHz, CDCl3) δ 8.13 (bs, 1H), 4,69 (m, 1H), 3.95 (t, J = 7.3 Hz, 2H), 3.38 (m, 1H), 3.33 (m, 
1H), 2.61 (s, 2H), 2.34 (m, 3H), 2.00 (m, 2H), 1.78 (m, 2H), 1.27 (m, 6H), 1.11 (s, 3H), 1.10(s, 3H), 0.856 (t, 
J = 6.5 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 194.5, 150.5, 149.9, 114.6, 57.1, 52.1, 49.6, 46.0, 35.8, 35.6, 
31.8, 31.4, 29.9, 28.7, 28.5, 26.4, 24.7, 22.6, 14.1; LRMS (EI+) m/z calcd for C19H31N3O [M+H]
+ : 318.25; 
Found : 318.09. 
 
1H, 13C and 1D NOE spectra of (S)-6b 
(S)-1-(2-Methoxyethyl)-6,6-dimethyl-3-(pyrrolidin-2-yl)-6,7-dihydro-1H-indazol-4(5H)-one (6b). 
Yield: 98.4%, 1H NMR (500 MHz, CDCl3) δ 4.32 (m, 1H), 4.11(t, J = 5.0 Hz, 2H), 3.66 (t, J = 5.0 Hz, 2H), 
3.53 (bs, 1H), 3.23 (s, 3H), 3.19 (m, 1H), 2.93 (m, 1H), 2.65 (s, 2H), 2.30 (s, 2H), 2.14 (m, 1H), 1.83 (m, 3H), 
1.08 (s, 3H), 1.07 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 193.4, 154.1, 151.6, 114.7, 71.3, 59.2, 57.1, 52.6, 
49.5, 47.1, 35.6, 35.5, 31.3, 28.7, 28.5, 25.7; LRMS (EI+) m/z calcd for C16H25N3O2 [M+H]




(6c). Yield: 73.8%, 1H NMR (500 MHz, CDCl3) δ 4.87 (m, 1H), 4.51 (m, 2H), 3.95 (m, 1H), 3.36 (m, 2H), 
3.24 (m, 1H), 3.09 (m, 1H), 2.88 (s, 2H), 2.76 (bs, 1H), 2.36 (s, 2H), 2.33 (m, 1H), 2.06 (m, 4H), 2.04 (s, 
2H), 1.90 (m, 4H), 1.09 (s, 6H) ; LRMS (EI+) m/z calcd for C20H30N4O2 [M+H]






(S)-1-Benzyl-6,6-dimethyl-3-(pyrrolidin-2-yl)-6,7-dihydro-1H-indazol-4(5H)-one (6d). Yield: 94.9%, 
1H NMR (500 MHz, CDCl3) δ 7.30 (m, 3H), 7.09 (d, J = 6.5 Hz, 2H), 5.23 (dd, J = 18.3, 15.5 Hz 2H), 4.81 
(t, J = 7.5 Hz, 1H), 3.37 (m, 2H), 2.52 (dd, J = 17.3, 4.0 Hz 2H), 2.35 (m, 1H), 2.33 (d, J = 4.5 Hz, 2H), 2.08 
(m, 3H), 1.04 (s, 3H), 1.03 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 194.3, 151.0, 150.4, 135.4, 129.2, 128.4, 
127.2, 115.4, 57.0, 53.5, 52.1, 46.2, 35.9, 35.5, 31.7, 28.6, 28.4, 24.8; LRMS (EI+) m/z calcd for C20H25N3O 
[M+H]+ : 324.20; Found : 324.01. 
 
 (S)-6,6-Dimethyl-1-(pyridin-2-ylmethyl)-3-(pyrrolidin-2-yl)-6,7-dihydro-1H-indazol-4(5H)-one 
(6e). Yield: 99.3%, 1H NMR (500 MHz, CDCl3) δ 8.52 (d, J = 4.0 Hz, 1H), 7.61 (dt, J = 8.0, 2.0 Hz, 1H), 
7.12 (dt, J = 6.0, 2.0 Hz, 1H), 6.97 (d, J = 8 Hz, 1H), 5.31 (s, 2H), 4.35 (t, J = 7.5 Hz, 1H), 3.37 (bs, 1H), 
3.17 (m, 1H), 2.92 (m, 1H), 2.61 (s, 2H), 2.31 (s, 2H), 2.16 (m, 1H), 1.83 (m, 3H), 1.04 (s, 3H), 1.03 (s, 3H); 
13C NMR (125 MHz, CDCl3) δ 193.2, 155.9, 154.4, 151.1, 149.6, 137.4, 123.1, 121.8, 115.5, 57.1, 55.0, 52.6, 
47.2, 35.7, 35.6, 31.5, 28.6, 28.5, 25.8; LRMS (EI+) m/z calcd for C19H24N4O [M+H]
+ : 325.20; Found : 
325.01. 
 
(S)-6,6-Dimethyl-1-phenyl-3-(pyrrolidin-2-yl)-6,7-dihydro-1H-indazol-4(5H)-one (6f). Yield: 91.5%, 
1H NMR (500 MHz, CDCl3) δ 7.50 (m, 4H), 7.41 (m, 1H), 6.34 (bs, 1H), 4.71 (t, J = 7.8 Hz, 1H), 3.33 (m, 
1H), 3.20 (m, 1H), 2,81 (s, 2H), 2.42 (dd, J = 16.0, 10.2 Hz, 2H), 2.31 (m, 1H), 2.05 (m, 1H), 1.96 (m, 2H), 
1.10 (s, 3H), 1.09 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 193.7, 151.9, 150.2, 138.2, 129.3, 128.3, 123.8, 
116.0, 56.4, 52.1, 46.2, 36.9, 35.7, 30.8, 28.3, 28.1, 24.8; LRMS (EI+) m/z calcd for C19H23N3O [M+H]
+ : 
310.18; Found : 310.07. 
 
(S)-1-(4-Methoxyphenyl)-6,6-dimethyl-3-(pyrrolidin-2-yl)-6,7-dihydro-1H-indazol-4(5H)-one (6g). 
Yield: 98.1%, 1H NMR (500 MHz, CDCl3) δ 7.34 (d, J = 9.0 Hz, 2H), 6.96 (d, J = 9.0 Hz, 2H), 4.89 (bs, 1H), 
4.50 (t, J = 7.3 Hz, 1H), 3.82 (s, 3H), 3.23 (m, 1H), 3.04 (m, 1H), 2.69 (s, 2H), 2.34 (s, 2H), 2.22 (m, 1H), 
1.91 (m, 3H), 1.06 (s, 6H); 13C NMR (125 MHz, CDCl3) δ 193.7, 159.6, 153.5, 150.2, 131.6, 125.6, 115.8, 
114.6 56.9, 55.7, 52.5, 46.9, 37.0, 35.8, 31.2, 28.5, 28.4, 25.5; LRMS (EI+) m/z calcd for C20H25N3O2 [M+H]
+ : 
340.19; Found : 340.09. 
 
(S)-6,6-Dimethyl-3-(pyrrolidin-2-yl)-1-(4-(trifluoromethyl)phenyl)-6,7-dihydro-1H-indazol-4(5H)-
one (6h). Yield: 94.2%, 1H NMR (500 MHz, CDCl3) δ 7.78 (d, J = 8.5 Hz, 2H), 7.70 (d, J = 8.5 Hz, 2H), 
4.53 (t, J = 7.5 Hz, 1H), 3.83 (bs, 1H), 3.24 (m, 1H), 3.01 (m, 1H), 2.88 (s, 2H), 2.44 (s, 2H), 2.24 (m, 1H), 




(q, 1JC-F = 270.1 Hz), 123.5, 116.7, 56.4, 52.2, 46.8, 37.3, 35.7, 30.7, 28.2, 28.1, 25.4; LRMS (EI+) m/z calcd 
for C20H22F3N3O [M+H]
+ : 378.17; Found : 377.99. 
 
(S)-6,6-Dimethyl-1-(pyridin-3-ylmethyl)-3-(pyrrolidin-2-yl)-6,7-dihydro-1H-indazol-4(5H)-one (6i). 
Yield: 99.4%, 1H NMR (500 MHz, CDCl3) δ 8.53 (dd, J = 1.5 Hz, 1H), 8.46 (d, J = 2.0 Hz, 1H), 7.44 (dt, J 
= 2.0, 1.5 Hz, 1H), 7.24 (m, 1H), 5.22 (s, 2H), 4.36 (m, 1H), 3.37 (bs, 1H), 3.17 (m, 1H), 2.93 (m, 1H), 2.53 
(s, 2H), 2.26 (s, 2H), 2.15 (m, 1H), 1.83 (m, 3H), 1.04 (s, 3H), 1.03 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 
193.0, 154.5, 150.2, 149.9, 148.6, 135.1, 124.0, 115.6, 56.9, 25.5, 50.6, 47.1, 35.7, 35.6, 31.4, 28.6, 28.5, 
25.7; LRMS (EI+) m/z calcd for C19H24N4O [M+H]




Yield: 99.6%, 1H NMR (500 MHz, CDCl3) δ 7.21 (bs, 1H), 6.45 (bs, 1H), 5.27 (bs, 1H), 4.67 (s, 2H), 4.39 (t, 
J = 7.5 Hz, 1H), 3. 18 (m, 1H), 2.94 (m, 1H), 2.60 (s, 2H), 2.32 (s, 2H), 2.17 (m, 1H), 1.87 (m, 3H), 1.07 (s, 
6H); 13C NMR (125 MHz, CDCl3) δ 193.4, 168.9, 153.5, 151.9, 115.5, 56.6, 52.4, 51.9, 46.6, 35.7, 35.3, 31.1, 
28.6, 28.5, 25.4; LRMS (EI+) m/z calcd for C15H22N4O2 [M+H]
+ : 291.17; Found : 290.99. 
 
(S)-1-Cyclopentyl-6,6-dimethyl-3-(pyrrolidin-2-yl)-6,7-dihydro-1H-indazol-4(5H)-one (6k). Yield: 
89.0%, 1H NMR (500 MHz, CDCl3) δ 7.41 (bs, 1H), 4.67 (t, J = 8 Hz, 1H), 4.46 (pentet, J = 7.3 Hz, 1H), 
3.36 (m, 2H), 2.65 (s, 2H), 2.35 (dd, J = 16.5, 10.8 Hz , 2H), 2.29 (m, 1H), 2.00 (m, 7H), 1.93 (m, 2H), 1.64 
(m, 2H), 1.11 (s, 3H), 1.10 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 194.6, 150.2, 149.4, 114.6, 60.0, 57.3, 57.2, 
52.2, 46.0, 35.7, 35.6, 32.6, 32.5, 31.7, 28.8, 28.5, 24.7, 24.6; LRMS (EI+) m/z calcd for C18H27N3O [M+H]
+ : 
302.22; Found : 302.04. 
 
 
Characterization of representative compounds 
(R)-3-(1-acetylpyrrolidin-2-yl)-6,6-dimethyl-1-(pyridin-2-ylmethyl)-6,7-dihydro-1H-indazol-4(5H)-
one (7{R,5,a}). Yield: 97.3%, purity : 98.3%; 1H NMR (500 MHz, DMSO-d6, 80℃) δ 8.51 (m, 1H), 7.75 (d, 
J = 6.0 Hz, 1H), 7.29 (dt, J = 5.0, 1.5 Hz, 1H), 7.02 (m, 1H), 5.38 (s, 2H), 5.33 (m, 1H), 3.64 (m, 1H), 3.47 
(m, 1H), 2.76 (s, 2H), 2.31 (s, 2H), 2.28 (m, 1H), 1.82 (m, 3H), 1.31 (s, 3H), 1.03 (s, 6H); 13C NMR (125 MHz, 
DMSO-d6, 80℃) δ 191.4, 167.6, 155.3, 152.3, 150.8, 148.8, 136.5, 122.3, 120.8, 113.4, 54.9, 53.6, 53.3, 51.6, 
45.6, 34.7, 34.3, 33.0, 27.5, 27.3, 21.5; HRMS (EI+) m/z calcd for C21H26N4O2 [M+H]







carbothioamide (8{S,4,d}). Yield: 91.9%, purity : 98.2%; 1H NMR (500 MHz, DMSO-d6, 80℃) δ 7.32 (m, 
2H), 7.27 (m, 1H), 7.13 (d, J = 6.0 Hz, 2H), 6.87 (bs, 1H), 5.70 (m, 1H), 5.28 (s, 2H), 3.71 (m, 1H), 3.66 (m, 
1H), 2.85 (s, 3H), 2.66 (d, J = 3.0 Hz, 2H), 2.29 (dd, J = 13.0, 4.0 Hz, 2H), 2.23 (m, 1H), 2.02(m, 1H), 1.93(m, 
2H), 1.00(s, 6H); 13C NMR (125 MHz, DMSO-d6, 80℃) δ 191.8, 179.5, 151.5, 149.6, 136.2, 128.0, 127.0, 
126.4, 113.8, 56.6, 51.7, 51.6, 49.2, 34.7, 34.1, 31.8, 31.4, 30.0, 27.5, 27.3, 22.4; HRMS (EI+) m/z calcd for 
C22H28N4OS [M+H]
+ : 397.2017; Found : 397.2064. 
 
 (R)-1-benzyl-3-(1-(ethylsulfonyl)pyrrolidin-2-yl)-6,6-dimethyl-6,7-dihydro-1H-indazol-4(5H)-one 
(9{R,4,a}). Yield: 95.1%, purity : 96.4%; 1H NMR (500 MHz, DMSO-d6, 80℃) δ 7.34 (m, 2H), 7.89 (m, 1H), 
7.17 (d, J = 6.5 Hz, 2H), 5.30 (m, 3H), 3.55 (m, 1H), 3.50 (m, 1H), 2.85 (q, J = 6.0 Hz, 2H), 2.72 (d, J = 2.0 
Hz, 2H), 2.28 (m, 3H), 1.98 (m, 1H), 1.89 (m, 1H), 1.08 (t, J = 6.0 Hz, 3H), 1.03 (s, 3H), 1.01 (s, 3H); 13C 
NMR (125 MHz, DMSO-d6, 80℃) δ 192.4, 153.1, 150.9, 137.2, 129.2, 128.3, 127.8, 114.6, 56.7, 53.0, 52.8, 
49.0, 46.2, 35.8, 35.3, 33.9, 31.1, 28.6, 28.4, 24.8, 8.2; HRMS (EI+) m/z calcd for C22H29N3O3S [M+H]
+ : 
416.1963; Found : 416.2010. 
 
(R)-3-(1-(ethylsulfonyl)pyrrolidin-2-yl)-6,6-dimethyl-1-(pyridin-2-ylmethyl)-6,7-dihydro-1H-
indazol-4(5H)-one (9{R,5,a}). Yield: 97.1%, purity : 98.2%; 1H NMR (500 MHz, DMSO-d6, 80℃) δ 8.51 
(d, J = 3.5 Hz, 1H), 7.76 (dt, J = 6.5, 1.5 Hz, 1H), 7.295 (dt, J = 4.5, 1.0 Hz, 1H), 7.11 (d, J = 6.5 Hz, 1H), 
5.38 (dd, J = 21.5, 13.5 Hz, 2H), 5.27 (t, J = 3.0 Hz, 1H), 3.54 (m, 1H), 3.46 (m, 1H), 2.81 (q, J = 6.0 Hz, 
2H), 2.77 (s, 2H), 2.29 (dd, J = 21.0, 13.5 Hz, 2H), 2.25 (m, 1H), 1.97 (m, 1H), 1.89 (m, 2H), 1.25 (t, J = 6.0 
Hz, 3H), 1.04 (s, 3H), 1.03 (s, 3H); 13C NMR (125 MHz, DMSO-d6, 80℃) δ 192.4, 156.5, 153.1, 151.7, 149.9, 
137.6, 123.5, 122.2. 114.7, 56.7, 54.8, 52.8, 49.0, 46.3, 35.8, 35.4, 33.8, 28.6, 28.5, 24.8, 8.2; HRMS (EI+) 
m/z calcd for C21H28N4O3S [M+H]
+ : 417.1916; Found : 417.1960. 
 
(S)-6,6-dimethyl-1-(pyridin-3-ylmethyl)-3-(1-tosylpyrrolidin-2-yl)-6,7-dihydro-1H-indazol-4(5H)-
one (9{S,6,c}). Yield: 95.6%, purity : 98.9%; 1H NMR (500 MHz, CDCl3, 70℃) δ 8.55 (d, J = 4.5 Hz, 1H), 
8.48 (s, 1H), 7.73 (d, J = 8.0 Hz, 2H), 7.50 (d, J = 7.5 Hz, 1H), 7.26 (m, 3H), 5.25 (s, 2H), 5.21 (t, J = 6.5 
Hz, 1H), 3.75 (m, 1H), 3.40 (m, 1H), 3.05 (m, 1H), 2.51 (dd, J = 16.0, 8.5 Hz, 2H), 2.40 (s, 3H), 2..29 (q, J = 
16.5 Hz, 2H), 2.02 (m, 3H), 1.06 (s, 3H), 1.04 (s, 3H); 13C NMR (125 MHz, CDCl3, 70℃) δ 192.3, 153.9, 
149.9, 149.6, 148.6, 143.1, 135.9, 135.2, 132.0, 129.6, 128.0, 124.1, 115.5, 56.9, 52.7, 50.8, 49.7, 35.7, 33.6, 
29.9, 28.7, 28.6, 24.8, 21.6; HRMS (EI+) m/z calcd for C26H30N4O3S [M+H]














































S H B _ 4 _ 1 1 2 A _ 1 0 1 0 2 7 1 5 2 3 1 6  # 4 8 9 R T : 1 0 .3 8 A V : 1 N L : 4 .0 4 E 7
T : {0 ,8 }   +  c  E S I ! c o ro n a  s i d = 1 0 0 .0 0   d e t= 1 0 2 4 .0 0  F u ll m s  [1 0 0 .0 0 -1 0 0 0 .0 0 ]


































3 6 0 .0 9
7 4 1 .3 8
3 1 8 .0 5 4 2 3 .1 0
7 1 9 .3 91 4 2 .1 7 5 5 8 .9 32 8 9 .0 9 7 5 7 .3 36 0 8 .4 72 1 6 .9 0 8 0 9 .3 14 4 8 .7 6 8 8 0 .1 2 9 9 5 .9 3
S H B _ 4 _ 1 1 2 B _ 1 0 1 0 2 7 1 5 4 9 0 6  # 5 2 9 R T : 1 1 .2 3 A V : 1 N L : 3 .4 6 E 7
T: {0 ,8 }  +  c  E S I ! c o ro na  s i d = 1 0 0 .0 0   d e t= 1 0 2 4 .0 0  F u ll m s  [1 0 0 .0 0 -1 0 0 0 .0 0 ]


































4 2 2 .0 9
8 6 5 .3 7
4 8 5 .0 8 8 4 3 .4 23 0 1 .0 7
1 4 2 .1 9 6 5 1 .8 8 8 8 2 .3 74 0 0 .1 3 7 0 0 .4 54 9 3 .0 9 9 3 3 .5 42 4 0 .9 7 5 7 3 .7 7
SHB _4_112C  #519 RT: 11.02 AV : 1 NL: 3.22E 7
T: {0 ,8}  + c ES I !corona sid=100.00  det=1024.00 Full ms [10 0.00-1000.00]




































515.10135.13 697.03301.02 344 .00 941.474 34.13179.80 553.46 846.96781.476 29.50
RT: 0.00 - 20.00 SM: 7B
































































SN: 2RMS 19.9918.6917.2312.3011.077.966.571.37 5.00
NL:
2.08E5
























S HB _4_ 112 D  #53 9 RT: 11 .4 5 A V : 1 N L: 4 .7 9E 7
T: {0 ,8 }  + c E S I !corona sid=100 .0 0  det=1 024 .0 0 Full m s [10 0.00-10 00.00 ]



































3 18.0 5 9 07.4 1












RT: 0.00 - 20.00 SM: 7B






















































































Total Scan  
PDA 
SHB_4_112H
S HB _ 4 _ 1 1 2 E  # 5 2 5 R T: 1 1 .1 5 A V : 1 N L : 1 .1 2 E 7
T: {0 ,4 }  +  c  E S I ! c o ro na  s id = 5 0 .0 0   d e t= 1 0 2 4 .0 0  F ull m s  [1 0 0 .0 0 -1 0 0 0 .0 0 ]




































4 0 0 .1 3
8 2 1 .4 4
4 6 3 .0 8
1 4 2 .1 9
4 7 3 .1 1 8 3 7 .3 83 0 1 .5 9 6 1 8 .4 52 4 4 .1 2 3 6 1 .9 3 7 1 7 .2 95 4 0 .9 3 9 2 0 .5 6 9 5 5 .2 9
S H B _ 4 _ 1 1 2 F  # 5 4 9 R T: 1 1 .6 6 A V : 1 N L : 2 .2 5 E 7
T: {0 ,8 }  +  c  E S I ! c o ro na  s id = 1 0 0 .0 0   d e t= 1 0 2 4 .0 0  F u ll m s  [1 0 0 .0 0 -1 0 0 0 .0 0 ]

































4 5 0 .0 7
4 7 2 .0 6
8 9 9 .5 2
3 1 8 .0 2
1 4 2 .1 6 4 3 2 .1 0 4 8 8 .0 43 0 1 .0 8 6 9 4 .0 3 9 3 8 .4 67 2 8 .4 43 2 6 .6 0 8 2 4 .3 75 9 7 .5 71 7 9 .8 5
S H B _ 4 _ 1 1 2 G  # 5 5 9 R T: 1 1 .8 7 A V : 1 N L : 5 .0 4 E 7
T: {0 ,8 }  +  c  E S I !c o ro na  s id = 1 0 0 .0 0   d e t= 1 0 2 4 .0 0  F ull m s  [1 0 0 .0 0 -1 0 0 0 .0 0 ]



































4 2 8 .1 2
8 7 7 .5 33 1 8 .0 8
8 5 5 .5 14 9 1 .0 0
1 4 2 .1 3 3 0 1 .0 3 4 1 0 .1 6 8 9 3 .4 96 6 1 .3 66 1 6 .2 75 0 0 .8 3 7 1 0 .3 0 9 6 4 .2 82 2 4 .1 4 8 3 7 .3 5
S H B _ 4 _ 1 1 2 H  # 5 1 9 R T: 1 1 .0 2 A V : 1 N L : 1 .8 3 E 7
T: {0 ,8 }  +  c  E S I ! c o ro na  s i d = 1 0 0 .0 0   d e t= 1 0 2 4 .0 0  F u ll m s  [1 0 0 .0 0 -1 0 0 0 .0 0 ]


































3 9 8 .0 8
8 1 7 .3 7
4 6 1 .0 1
3 1 8 .0 41 4 2 .0 9






























































SHB_5_16A #377 RT: 8.00 AV: 1 NL: 1.29E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]






































689.42142.19 356.07316.08237.09 527.79405.23 653.34 767.39 837.45 980.24877.33
SHB_5_16B #419 RT: 8.89 AV: 1 NL: 7.97E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































813.58274.97 418.12142.18 467.16 612.94378.23196.06 563.26 662.26 727.27 943.68856.12
SHB_5_16C #429 RT: 9.11 AV: 1 NL: 4.85E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]







































275.10 318.05 497.22 657.95197.00 407.71 755.71563.07 889.52 950.30
SHB_5_16D #449 RT: 9.53 AV: 1 NL: 9.82E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]






































855.52318.05 450.07142.20 274.99 669.08499.16388.05 709.82573.13 769.12 893.37 969.79
RT: 0.00 - 20.00 SM: 7B
































































SN: 0RMS 19.9718.6717.2015.3111.789.907.301.38 4.981.90
NL:
1.84E5















Total Scan  
PDA 
SHB_5_16D
SHB_5_16E #415 RT: 8.81 AV: 1 NL: 4.99E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]





































396.19 475.28 818.69186.03 362.05276.08 736.51588.37 625.48 893.55 976.25
SHB_5_16F #459 RT: 9.74 AV: 1 NL: 1.55E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]




































142.18 847.64446.13275.02 406.16333.04 609.31 663.03495.14 765.39 937.69
SHB_5_16G #449 RT: 9.53 AV: 1 NL: 6.70E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]



































424.16142.21 825.59275.02 384.18 621.94473.23195.79 670.96 759.57542.19 893.51 994.36
SHB_5_16H #409 RT: 8.68 AV: 1 NL: 1.53E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]




































394.11 765.52142.19 263.07 577.00443.15 645.68 910.45827.44705.99 950.20
RT: 0.00 - 20.00 SM: 7B



































































































































































SHB_4_134A #389 RT: 8.25 AV: 1 NL: 8.59E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]








































142.26 620.81195.96 276.16 839.55669.45516.97 769.46 943.77
SHB_4_134B #417 RT: 8.85 AV: 1 NL: 4.88E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]







































526.19142.21 300.12190.02 722.58447.20391.11 565.40 814.42 965.59657.99 904.71
SHB_4_134C #415 RT: 8.81 AV: 1 NL: 3.67E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]







































556.23315.07 447.21237.02 766.25377.09 807.25594.47 709.01 941.96
SHB_4_134D #439 RT: 9.32 AV: 1 NL: 1.35E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































142.20 385.08342.06195.99 769.60454.20 636.32261.08 808.81733.94 863.95 946.51
RT: 0.00 - 20.00 SM: 7B



































































SN: 1RMS 19.8918.7217.4111.7810.906.871.37 4.961.83
NL:
1.05E5




















SHB_4_134E #415 RT: 8.81 AV: 1 NL: 4.61E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]







































224.01 289.08 688.23433.25357.22 969.49542.12 765.37630.21 837.41
SHB_4_134F #449 RT: 9.53 AV: 1 NL: 1.14E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]






































359.09206.06 473.18146.17 755.87632.36529.30306.15 847.46691.61 931.46
SHB_4_134G #445 RT: 9.45 AV: 1 NL: 1.10E7
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






































959.73142.24 532.25213.09 357.05303.09 447.16 730.13652.43614.11 878.59795.64
SHB_4_134H #405 RT: 8.59 AV: 1 NL: 8.73E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]







































142.22 512.25186.15 287.87 421.27 685.59548.37 908.30726.40 785.59 983.26
RT: 0.00 - 20.00 SM: 7B


























































































































































SHB_5_62A #439 RT: 9.32 AV: 1 NL: 3.03E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]







































429.30142.36 731.79182.28 576.69474.42 900.32615.28 860.29 999.64
SHB_5_62B #479 RT: 10.17 AV: 1 NL: 4.26E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































307.13 855.83120.15 491.34 661.43190.12 348.12 567.12 893.63811.87717.76 983.17
SHB_5_62C_110404213734 #475 RT: 10.08 AV: 1 NL: 1.36E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






































337.14 480.38447.40173.19 531.44 699.66 937.69293.20 777.02659.54 825.55
SHB_5_62D #497 RT: 10.55 AV: 1 NL: 3.54E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]






































120.22 447.40324.23 523.30183.35 229.92 561.50 668.01 709.19 965.92862.84825.44
RT: 0.00 - 20.00 SM: 7B



































































SN: 0RMS 19.9818.6915.9815.129.321.55 5.143.41
NL:
1.18E5

















Total Scan  
PDA 
SHB_5_62D
SHB_5_62E_110405111735 #475 RT: 10.08 AV: 1 NL: 2.12E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






































447.30337.42 833.62251.05171.34 513.07 627.99 791.95673.40 883.81 999.32
SHB_5_62F #497 RT: 10.55 AV: 1 NL: 1.71E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































912.02478.33447.43115.17 186.25 317.24 594.41 647.83 711.78 854.39761.11 982.89
SHB_5_62G #497 RT: 10.55 AV: 1 NL: 1.75E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]



































142.28 889.92456.38186.24 324.34 416.31 679.19520.52 621.77 718.39 852.06 956.29
SHB_5_62H #459 RT: 9.74 AV: 1 NL: 3.78E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]




































142.27 412.29 829.89386.30295.24 687.69190.11 625.58505.30 581.31 724.36 889.72 996.89
RT: 0.00 - 20.00 SM: 7B









































































































































































SHB_4_128A_110329220740 #415 RT: 8.81 AV: 1 NL: 4.27E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]





































447.44 733.77142.29 353.20212.32 252.15 561.85 839.78597.43 875.78 944.99
SHB_4_128B #439 RT: 9.32 AV: 1 NL: 4.87E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]



































142.27 451.30190.07 879.88506.30411.85 659.63 926.43606.92 714.32 828.20
SHB_4_128C #427 RT: 9.06 AV: 1 NL: 1.05E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]



































142.19 481.06 917.50195.83 304.95 429.10368.77 672.73532.44 746.22 809.19 955.49588.09
SHB_4_128D #447 RT: 9.49 AV: 1 NL: 1.74E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































142.18 482.86 922.41324.89 710.66196.00 447.16281.03 575.56 860.94811.60648.78 991.31
SHB_4_128E #425 RT: 9.02 AV: 1 NL: 1.58E7
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]




































142.19 429.04 480.23199.02 851.43323.03 629.45272.04 903.32591.21 806.48667.20 971.16
SHB_4_128F_101129183118 #459 RT: 9.74 AV: 1 NL: 4.16E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]




































479.07308.01 935.54142.20 439.07366.07192.12 675.36 756.75 901.42559.27 817.32 999.33
SHB_4_128G #457 RT: 9.7 AV: 1 NL: 2.50E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]



































869.53457.07142.18 325.03 417.09195.91 508.20 675.30286.38 907.63638.49 758.27 977.29
SHB_4_128H_101130120525 #409 RT: 8.68 AV: 1 NL: 6.54E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































427.00 831.42296.05 386.98142.20 229.04 626.28513.02 675.47 750.16 918.39 976.45
RT: 0.00 - 20.00 SM: 7B







































































































































































SHB_4_113D #539 RT: 11.45 AV: 1 NL: 3.28E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































517.07142.18 344.03 700.15301.22 945.28179.83 553.38413.01 645.37 747.93 829.30
RT: 0.00 - 20.00 SM: 7B































































SN: 0 19.9618.6716.368.086.581.37 5.04
NL:
1.85E5




















SHB_4_113E #527 RT: 11.19 AV: 1 NL: 5.13E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]







































463.12318.08 837.38142.19 501.18 619.23 899.67178.85 667.79 973.65715.28
SHB_4_113F #549 RT: 11.66 AV: 1 NL: 3.39E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































432.12142.20 301.13 488.07 694.02339.18 551.14 767.55212.05 636.72 983.39808.12
SHB_4_113G #559 RT: 11.87 AV: 1 NL: 4.80E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]




































301.08142.20 410.05 893.47661.06615.31195.52 762.33 804.67 947.42
SHB_4_113H #509 RT: 10.81 AV: 1 NL: 4.64E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































795.43461.10380.12 615.92142.12 289.05 834.29664.32217.10 515.26 885.30 947.36
RT: 0.00 - 20.00 SM: 7B






























































































































SHB_4_113A #491 RT: 10.42 AV: 1 NL: 9.91E6
T: {0,0}  + c ESI !corona sid=10.00  det=1024.00 Full ms [100.00-1000.00]








































433.09 757.33244.12 315.98 559.00 917.94675.29 883.23186.96 984.44
SHB_4_113B #529 RT: 11.23 AV: 1 NL: 4.55E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]



































485.05301.05142.15 651.86 881.35403.98214.08 832.56523.17 760.15 995.50
SHB_4_113C #519 RT: 11.02 AV: 1 NL: 2.07E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]
























































































































SHB_5_17A #387 RT: 8.21 AV: 1 NL: 1.52E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]






































689.42356.04142.16 316.06 405.23 527.92237.06 738.49650.52 856.07 948.41
SHB_5_17B_110108220656 #417 RT: 8.85 AV: 1 NL: 1.83E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]







































497.28287.09 785.49351.94 621.68 863.40 939.70570.72 692.72
SHB_5_17C_110108223247 #429 RT: 9.11 AV: 1 NL: 8.51E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]






































448.12 851.61142.18 275.06 318.05 665.81497.28 706.94370.03 889.62564.67 763.94 959.29
SHB_5_17D_110108225841 #449 RT: 9.53 AV: 1 NL: 9.94E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]






































318.06 877.52450.05274.98 660.73499.16196.02 384.88 600.64 710.03 771.48 943.03
RT: 0.00 - 20.00 SM: 7B


























































SN: 0RMS 19.9218.7217.3215.9511.7510.546.801.38 5.031.90
NL:
1.84E5
























SHB_5_17E_110108232433 #417 RT: 8.85 AV: 1 NL: 1.28E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]






































292.09 396.13142.17 445.20 587.98 785.53255.86 837.49741.88660.04 924.16 970.84
SHB_5_17F_110108235027 #459 RT: 9.74 AV: 1 NL: 1.29E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]






































446.14142.19 275.01 847.64406.15333.07 495.19 654.91609.33 882.57726.81 952.47761.42
SHB_5_17G_110109001618 #457 RT: 9.70 AV: 1 NL: 6.47E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]






































826.66142.15 424.13292.10 473.21384.12 609.31195.75 874.67670.77 747.65 977.54
SHB_5_17H_110109004209 #407 RT: 8.64 AV: 1 NL: 1.20E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]






































765.53394.11142.17 354.05 443.21292.07 577.06186.64 814.69625.16 911.53687.47 993.11
RT: 0.00 - 20.00 SM: 7B
















































































































































SHB_4_123A #389 RT: 8.25 AV: 1 NL: 1.11E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]




































142.19 464.07342.01 620.74 839.32276.13 517.01195.66 669.76 951.74765.36
SHB_4_123B #419 RT: 8.89 AV: 1 NL: 1.11E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]






































501.03142.22 713.54341.97195.83 421.05 963.41299.99 579.18 762.88629.17 839.15
SHB_4_123C #419 RT: 8.89 AV: 1 NL: 1.93E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































142.20 531.05463.09 758.56341.88195.94 955.50384.93 807.72270.04 594.67 896.09671.28
SHB_4_123D #439 RT: 9.32 AV: 1 NL: 1.99E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]






































142.16 385.09 761.40342.13 452.92194.85 810.47 861.85266.03 671.42595.98 962.53
RT: 0.00 - 20.00 SM: 7B

























































































SHB_4_123E #415 RT: 8.81 AV: 1 NL: 1.57E7
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






































463.09 903.47142.22 504.13 680.47542.23301.37 356.95223.91 998.26837.55797.59
SHB_4_123F #445 RT: 9.45 AV: 1 NL: 9.26E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]







































447.18 529.01314.12206.00 755.86357.16 620.14 676.49 791.20 937.51894.26
SHB_4_123G #441 RT: 9.36 AV: 1 NL: 6.81E6
T: {0,0}  + c ESI !corona sid=10.00  det=1024.00 Full ms [100.00-1000.00]








































959.57532.13 730.48570.12198.95 446.99302.74 357.02 843.46685.35 924.97
SHB_4_123H #4 9 RT: 8.68 AV: 1 NL: 1.28E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]






































899.45342.03142.22 477.02421.04 677.77300.47 915.41195.80 726.44555.40 594.22 996.31811.58
RT: 0.00 - 20.00 SM: 7B














































































































































































SHB_4_99A_101011134655 #449 RT: 9.53 AV: 1 NL: 6.87E4
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]






































115.39 935.48513.37 864.36667.34 811.34289.77 578.36154.30 946.33
SHB_4_99B_101011141254 #479 RT: 10.17 AV: 1 NL: 7.81E4
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]









































143.46 855.48 933.46394.25345.27179.37 508.11243.20 984.51662.98 702.32581.23 758.52
SHB_4_99C #479 RT: 10.17 AV: 1 NL: 6.24E4
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]








































877.39130.25 307.09 655.10 970.58713.68170.90 560.26230.87 390.78 752.40621.58 863.28
SHB_4_99A_101011134655 #497 RT: 10.55 AV: 1 NL: 5.84E4
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]






































908.14183.30 562.01283.34 404.11 692.49 754.04 823.58
RT: 0.00 - 20.00 SM: 7B



































































SN: 0RMS 19.4818.1115.16 17.4714.6410.209.548.567.251.36 5.411.71 3.37
NL:
1.19E5



















Total Scan  
PDA 
SHB_4_99D
SHB_4_100A #497 RT: 10.55 AV: 1 NL: 8.95E4
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]









































729.05 990.53143.57 536.21 874.52187.23 344.25 689.84 794.03588.25 934.12
SHB_4_100B_101012164656 #507 RT: 10.76 AV: 1 NL: 5.67E4
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]







































752.02626.13542.03 862.77126.88 188.79 300.69 412.96 986.15572.93 697.05 807.52
SHB_4_100C #507 RT: 10.77 AV: 1 NL: 1.39E5
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]







































535.06 758.51 911.18113.09 428.02 630.47178.31 323.31267.50 565.32 852.20698.31 973.50
SHB_4_100D_101012192314 #469 RT: 9.96 AV: 1 NL: 8.17E4
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]







































830.47 890.41230.38 346.19 570.08123.87 686.21 957.11731.25
RT: 0.00 - 20.00 SM: 7B




























































































































































SHB_4_119A #383 RT: 8.13 AV: 1 NL: 2.46E7
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]




































755.30389.01 447.19352.98171.18 264.64 719.16 831.22 952.43516.91 883.20573.87
SHB_4_119B #427 RT: 9.06 AV: 1 NL: 5.11E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]




































879.36450.92142.20 502.18296.15 662.28195.87 411.16 559.27 711.67 955.26843.66
SHB_4_119C #427 RT: 9.06 AV: 1 NL: 7.03E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]




































429.06 939.45481.02142.23 887.32560.29323.02180.02 707.79 747.35267.32 607.27
SHB_4_119D #445 RT: 9.45 AV: 1 NL: 2.10E7
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]




































142.22 482.89 943.36421.01311.55 534.04227.11 709.96617.46 882.12753.94
RT: 0.00 - 20.00 SM: 7B






























































SN: 1 19.1218.3816.2312.5811.859.121.37 6.01
NL:
1.64E5




















SHB_4_119E #423 RT: 8.98 AV: 1 NL: 1.42E7
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]









































480.20 851.30229.07 272.52 628.89349.12 536.02 725.02 931.67 981.21
SHB_4_119F #461 RT: 9.79 AV: 1 NL: 1.76E7
T: {0,0}  + c ESI !corona sid=10.00  det=1024.00 Full ms [100.00-1000.00]






































935.44479.06322.97 558.26171.18 645.20448.34256.42 712.59 752.54 903.64
SHB_4_119G #457 RT: 9.70 AV: 1 NL: 4.59E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]






































457.08142.19 325.01 417.17 908.48536.17195.96 256.18 675.22 819.29589.20 774.36 968.44
SHB_4_119H #409 RT: 8.68 AV: 1 NL: 3.30E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]







































831.34296.07142.23 442.93386.97 626.46195.96 505.15 730.48 967.45893.31
RT: 0.00 - 20.00 SM: 7B















































































































































































SHB_4_129A #335 RT: 7.10 AV: 1 NL: 1.50E7
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]



































733.41142.20 385.11353.09 447.17228.02 694.22577.55 778.36 849.34 922.57 989.55
SHB_4_129B #379 RT: 8.04 AV: 1 NL: 4.27E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]



































308.06 447.10 879.48142.23 349.07 675.30195.96 517.02 711.60611.19 949.55796.39
SHB_4_129C #385 RT: 8.17 AV: 1 NL: 3.86E7
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]



































917.56142.21 477.13338.15 429.10194.03 675.29250.43 532.28 713.36 952.98826.03588.17
SHB_4_129D #397 RT: 8.42 AV: 1 NL: 3.69E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]



































142.22 922.46325.07 524.08195.92 447.08261.04 682.85575.63 789.76 970.66826.62
RT: 0.00 - 20.00 SM: 7B



























































SN: 0RMS 19.9218.6417.3411.858.187.151.37 4.99
NL:
1.71E5




















SHB_4_129E #373 RT: 7.91 AV: 1 NL: 2.21E7
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]



































835.47470.10304.94224.28 391.03 638.36525.03 730.19 882.56 971.57
SHB_4_129F #413 RT: 8.76 AV: 1 NL: 3.20E7
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]





































914.57479.09447.16322.98171.09 217.15 697.15561.70 952.75804.24651.96
SHB_4_129G #403 RT: 8.55 AV: 1 NL: 1.95E7
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]




































498.03264.15210.97 305.07 647.69 777.27377.99 949.64544.64 702.04
SHB_4_129H #357 RT: 7.57 AV: 1 NL: 1.73E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]


































809.42426.99142.23 195.97 325.07261.01 479.10 563.27 626.85 683.03 899.58 954.47767.02
RT: 0.00 - 20.00 SM: 7B




































































































































































SHB_4_143A #337 RT: 7.15 AV: 1 NL: 5.43E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]






































314.89 404.16242.99 525.96170.87 447.17 563.26 832.95700.41 999.32868.11
SHB_4_143B #379 RT: 8.04 AV: 1 NL: 5.79E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]




































142.19 811.44274.07 458.03314.93195.84 619.60 677.91 721.77572.16 860.69 915.09 996.06
SHB_4_143C #379 RT: 8.04 AV: 1 NL: 7.62E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]






































289.07 488.02194.00 665.33394.81 884.98 998.85527.07 727.58 796.12
SHB_4_143D #399 RT: 8.47 AV: 1 NL: 8.84E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































142.24 853.43317.05195.98 489.92 667.22384.96 554.36 888.78729.34 973.29813.28
RT: 0.00 - 20.00 SM: 7B






















































































SHB_4_143E #367 RT: 7.79 AV: 1 NL: 1.26E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































395.02 767.52291.01130.24 444.17 502.28 587.34171.61 675.61 824.00 954.19
SHB_4_143F_101220151148 #407 RT: 8.64 AV: 1 NL: 9.29E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]







































494.20290.96 405.15186.01 661.47552.16 701.75 765.36 960.71
SHB_4_143G_101220153752 #397 RT: 8.42 AV: 1 NL: 7.73E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































291.07 502.27383.09 628.94219.06 576.22 831.43668.87 783.52 890.55 952.34
SHB_4_143H #357 RT: 7.57 AV: 1 NL: 1.15E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































142.21 763.51442.11353.07291.18 584.30196.03 841.33645.41509.97 890.70 954.73720.56
RT: 0.00 - 20.00 SM: 7B





































































































































































shb_4_109A_101023180933 #467 RT: 9.91 AV: 1 NL: 7.90E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]






































407.09326.01 725.25142.18 534.67445.06260.88 673.11583.83 879.12788.22 974.68
shb_4_109B_101023183534 #509 RT: 10.81 AV: 1 NL: 3.45E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]







































811.35285.09 337.97 627.94142.15 849.27217.04 477.05 901.25677.69565.14 985.04
SHB_4_1 9C_101025173208 #499 RT: 10.59 AV: 1 NL: 4.77E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]




































498.93135.12 672.83 909.33300.06 368.01217.08 722.64577.05 971.37841.50shb_4_109D #517 RT: 10.98 AV: 1 NL: 8.38E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































539.22302.07 583.18 913.16675.78171.19 405.77252.52 726.35 844.19 983.32
RT: 0.00 - 20.00 SM: 7B























































































Total Scan  
PDA 
shb_4_109D
SHB_4_109E_101025155430 #505 RT: 10.72 AV: 1 NL: 1.56E7
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]





































142.19 485.13 805.15293.47 603.05249.23 373.22 868.34684.96 969.10
shb_4_109F #539 RT: 11.45 AV: 1 NL: 4.80E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]




































472.01416.10285.05 670.14142.22 906.36342.97216.98 741.56535.20 967.61853.25635.12
SHB_4_109G_101025132101 #529 RT: 11.23 AV: 1 NL: 1.64E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]







































823.34142.17 343.96285.00 861.25637.00234.11 483.11 923.24744.09574.40
SHB_4_109H_101025162021 #489 RT: 10.38 AV: 1 NL: 5.78E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]






































763.31591.80216.99142.12 801.19641.02 973.97482.88 864.05
RT: 0.00 - 20.00 SM: 7B



























































































































































SHB_5_83A_110507145047 #439 RT: 9.32 AV: 1 NL: 6.86E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































415.24281.17 725.63645.59115.14 190.13 494.39 549.39 817.78 871.55 956.03
SHB_5_83B_110507172110 #479 RT: 10.17 AV: 1 NL: 1.06E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]



































293.17190.11 447.46 849.69307.22281.32 648.68513.48 552.48 699.46 744.74 886.63 977.94
SHB_4_118C #489 RT: 10.38 AV: 1 NL: 2.04E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]






































353.04 684.80223.65 925.32767.30629.17 858.38
SHB_4_118D #507 RT: 10.76 AV: 1 NL: 1.81E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]




































508.99142.19 913.28309.99 687.67547.16361.37215.13 962.23753.17 873.21
RT: 0.00 - 20.00 SM: 7B




































































SN: 1RMS 19.9418.6613.138.061.37 5.011.50
NL:
3.56E5
























SHB_4_102A #487 RT: 10.34 AV: 1 NL: 3.03E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]







































142.17 645.11 821.15493.09343.50 606.80297.48226.09 998.47910.35714.95
SHB_4_102B #519 RT: 11.02 AV: 1 NL: 4.07E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]







































293.00142.17 479.93 681.80423.97 922.16350.96196.04 543.28 644.95 771.83 834.19
SHB_4_104A_101016145505 #523 RT: 11.11 AV: 1 NL: 1.65E7
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]









































521.21308.04 877.28171.20 648.45343.16217.17 727.40 781.56 986.27
SHB_4_104B #479 RT: 10.17 AV: 1 NL: 3.35E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]




































779.22142.18 280.99 603.80372.02 645.16 818.12491.14 868.94 993.39
RT: 0.00 - 20.00 SM: 7B




































































































































































SHB_4_103A #449 RT: 9.53 AV: 1 NL: 2.57E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]








































142.18 310.96 591.71 801.15453.06 980.89190.09 863.21640.73 744.68
SHB_4_103B_101015100204 #499 RT: 10.59 AV: 1 NL: 1.59E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]







































322.93 684.79 925.18284.15 514.87180.03 434.88 848.16640.76 727.03
SHB_4_103C_101015103256 #487 RT: 10.34 AV: 1 NL: 1.09E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]








































575.11338.27 887.19729.90226.01 378.62 636.12 779.00
SHB_4_103D #509 RT: 10.81 AV: 1 NL: 4.03E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































973.23538.93142.19 366.01 733.16322.92 444.76 577.03 691.25190.14 868.68781.33
RT: 0.00 - 20.00 SM: 7B






















































SN: 0 19.9418.6316.2311.1210.571.37 5.41
NL:
2.29E5























SHB_4_104C #487 RT: 10.34 AV: 1 NL: 1.84E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]








































340.00142.21 523.13 651.73 881.24705.19226.29 811.89579.94 995.30
SHB_4_104D #519 RT: 11.02 AV: 1 NL: 4.49E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]






































494.07322.93142.11 726.52543.23422.02241.16 831.09 899.30683.04
SHB_4_118E #523 RT: 11.11 AV: 1 NL: 1.34E7
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]








































922.43551.28337.98 417.98 693.99 971.51298.46171.09 787.08 888.14
SHB_4_118F #479 RT: 10.17 AV: 1 NL: 1.98E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]







































839.32142.22 648.84310.96 877.25721.22361.25 507.21189.97 991.29580.37
RT: 0.00 - 20.00 SM: 7B

















































































































































































SHB_4_107A_101022105952 #489 RT: 10.38 AV: 1 NL: 3.55E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]







































142.17 348.98 648.70 877.08284.13 491.13 598.06 703.33195.96 776.24 938.90
SHB_4_107B #519 RT: 11.02 AV: 1 NL: 6.70E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]









































361.00 411.69195.90 741.82261.04 791.25583.17 638.13 939.73869.72
SHB_4_107C #519 RT: 11.02 AV: 1 NL: 2.24E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































575.08135.15 481.88376.06 786.71 994.31191.99 271.85 835.34614.11 694.33 949.24
SHB_4_107D #539 RT: 11.45 AV: 1 NL: 2.60E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]




































577.03137.12 404.00 797.95353.14189.91 241.13 447.19 639.16 695.94 848.47 933.00 997.23
RT: 0.00 - 20.00 SM: 7B
































































SN: 1 19.9318.6317.367.911.38 5.30
NL:
2.67E5






















SHB_4_107E_101022191240 #527 RT: 11.19 AV: 1 NL: 5.10E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]







































523.02377.99142.23 708.69561.15 957.31781.31 836.22186.41 302.83 634.09
SHB_4_107F #549 RT: 11.66 AV: 1 NL: 3.06E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































142.22 491.99 573.09 792.00330.94260.76 630.81 908.17721.09 991.25
SHB_4_107G #549 RT: 11.66 AV: 1 NL: 7.26E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]






































142.25 975.41470.15360.00216.92 573.15261.01 750.65659.05 865.10
SHB_4_107H #509 RT: 10.81 AV: 1 NL: 3.89E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]




































142.18 705.69330.71 954.22240.91 559.05 832.54754.06623.01
RT: 0.00 - 20.00 SM: 7B

















































































































































































SHB_5_3A_101231211715 #545 RT: 11.57 AV: 1 NL: 1.68E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






































855.77518.40 661.52381.23240.93 904.85757.01164.86 601.81 967.93
SHB_5_3B_101231213821 #565 RT: 12.00 AV: 1 NL: 9.09E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]





































907.81506.18 544.41350.16279.20 615.33 956.93759.82165.03 421.03 718.43 822.45
SHB_5_3C_101231220418 #537 RT: 11.40 AV: 1 NL: 7.08E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]




































142.17 318.11 661.52473.18351.57 923.80552.44 704.94257.35151.32 830.38 987.99
SHB_5_50A_scavenging_24h #507 RT: 10.76 AV: 1 NL: 2.31E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]




































318.21142.24 454.25 661.58 803.72211.11 531.74 606.11 763.47 859.26 952.93
SHB_5_50B_scavenging_24h #527 RT: 11.19 AV: 1 NL: 2.55E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































318.12 480.20360.16 855.73170.99 675.57224.01 632.28521.12 776.75 945.18
RT:0.00 - 20.00 SM:7B















































































SN: 0RMS8.631.40 5.102.49 3.45
NL:
1.01E5


































































































































RT: 0.00 - 20.00 SM: 7B





































































































Total Scan  
PDA 
SHB_5_54B
SHB_5_18A_110111180138 #437 RT: 9.27 AV: 1 NL: 1.70E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































142.18 318.06 803.66413.20 462.24197.10 853.61613.53521.54 720.21 923.69
SHB_5_18B #465 RT: 9.87 AV: 1 NL: 8.68E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]




































142.21 855.69439.18 518.28 609.31297.87 905.82199.03 652.79344.80 741.29 818.81 965.79
SHB_5_18C #447 RT: 9.49 AV: 1 NL: 8.34E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100. -1000.00]







































447.16 871.61197.13 526.25388.13 664.31 920.73281.28 577.11 760.19
SHB_5_54A #395 RT: 8.38 AV: 1 NL: 1.05E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






































177.16 433.30291.94 461.42 752.73547.47 812.83602.72 884.87660.64 961.55SHB_5_54B #427 RT: 9.06 AV: 1 NL: 7.91E5
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]

























































































SHB_5_1A #427 RT: 9.06 AV: 1 NL: 5.94E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]




































142.23 480.21359.18 447.20 529.44 937.77202.15 308.07 714.47588.73 753.83 831.45SHB_5_1B #447 RT: 9.49 AV: 1 NL: 9.21E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































967.89449.28142.19 359.17 506.13 708.50555.41 743.50310.40 672.37 877.13SHB_5_1C #435 RT: 9.23 AV: NL: 5.68E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]




































241.11 455.12282.09 514.10 732.41563.34 622.45355.49170.91 946.73819.29 888.59
SHB_5_24A_rt_16h_110127170406 #405 RT: 8.59 AV: 1 NL: 2.13E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]




































305.08208.00 675.21557.18 763.03391.29 847.52 934.37 970.89
SHB_5_24B_rt_16h #427 RT: 9.06 AV: 1 NL: 2.82E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]
































































RT: 0.00 - 20.00 SM: 7B































































































































































RT: 0.00 - 20.00 SM: 7B


































































































Total Scan  
PDA 
SHB_4_132F
SHB_4_132A #487 RT: 10.34 AV: 1 NL: 1.19E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]






































653.84512.19365.05300.32211.11 904.45592.29 688.39 798.35 994.46
SHB_4_132B #515 RT: 10.94 AV: 1 NL: 5.15E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]




































522.17313.54266.17 423.12 631.18 942.44681.59199.27 739.36 841.89
SHB_4_132C_110505134852 #487 RT: 10.34 AV: 1 NL: 6.09E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































447.32212.16 479.31 602.01 756.50666.22 867.37 959.53
SHB_4_132D #465 RT: 9.87 AV: 1 NL: 4.72E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]




































352.96 732.35266.97191.89 863.93687.35622.30571.00 979.34
SHB_4_132F #465 RT: 9.87 AV: 1 NL: 2.50E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]





























































































































RT: 0.00 - 20.00 SM: 7B









































































































Total Scan  
PDA 
SHB_5_82B
SHB_5_5A #427 RT: 9.06 AV: 1 NL: 1.83E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]








































629.30228.12 461.16 571.26 869.69286.16 760.53685.25 994.76952.86
SHB_5_5B #455 RT: 9.66 AV: 1 NL: 2.31E7
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]







































266.14 312.13 472.08 798.63399.70 551.28 921.55225.14 675.32623.43 970.85739.64 882.65
SHB_5_5C #437 RT: 9.28 AV: 1 NL: 8.79E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]






































142.17 915.68639.28480.15397.65 529.17282.14241.00 794.51716.31 986.83858.55
SHB_5_82A #375 RT: 7.96 AV: 1 NL: 1.01E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]







































391.36187.06 225.10 658.64 818.64 895.75499.60 578.43 968.91741.08
SHB_5_82B #407 RT: 8.64 AV: 1 NL: 5.90E5
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]











































































































RT: 0.00 - 20.00 SM: 7B









































































































SHB_5_4A #537 RT: 11.40 AV: 1 NL: 9.48E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]






































855.75480.24 518.37272.02 359.10214.13 904.77643.33 677.48 760.46 993.29
SHB_5_4B #565 RT: 12.00 AV: 1 NL: 1.03E7
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]




































350.12 506.23 907.79544.45 616.49165.10 266.79 957.90793.43391.06 684.73 834.13
SHB_5_4C #537 RT: 11.40 AV: 1 NL: 1.24E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]







































661.50142.16 351.67318.07 473.10 923.73552.37 677.41600.29210.95 734.24 799.67 974.94
SHB_5_51A_scavenging_24h #505 RT: 10.72 AV: 1 NL: 3.40E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]





































142.26 447.39 661.69 781.84151.27 211.04 285.12 606.48496.48 983.18725.11 827.61 915.55
SHB_5_51B_scavenging_24h #527 RT: 11.19 AV: 1 NL: 8.17E5
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]
























































































RT: 0.00 - 20.00 SM: 7B


































































































Total Scan  
PDA 
SHB_5_55B
SHB_5_19A #437 RT: 9.28 AV: 1 NL: 1.40E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]






































142.18 318.07 803.67413.19 462.28 852.78614.37196.07 528.12 761.62713.79 941.72
SHB_5_19B #463 RT: 9.83 AV: 1 NL: 9.43E6
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]





































855.72490.22 609.36546.19310.90 905.71265.86161.19 391.11 670.63 735.59 794.58 992.69
SHB_5_19C #447 RT: 9.49 AV: 1 NL: 1.07E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































318.08142.20 447.17 871.68496.28388.11 664.73 920.77223.97 560.92 732.16 794.35
SHB_5_55A #397 RT: 8.42 AV: 1 NL: 5.22E5
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]




































447.42120.26 334.12171.21 292.15 751.64466.22436.39 851.78 957.15552.68 614.42 684.98
SHB_5_55B #427 RT: 9.06 AV: 1 NL: 9.35E5
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]

































































































SHB_5_2A #435 RT: 9.23 AV: 1 NL: 6.98E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]



































480.25202.12 447.16 529.39 938.77260.13 310.02 588.57 714.70 756.63 837.07
SHB_5_2B #455 RT: 9.66 AV: 1 NL: 8.67E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]







































225.14 967.90449.26 708.57506.11 555.34310.75151.33 614.51391.30 753.22 851.61
SHB_5_2C #435 RT: 9.23 AV: 1 NL: 7.54E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]



































455.10241.07 282.11 514.07 732.45563.34 622.45165.15 947.75371.18 769.70 840.61
SHB_5_25A_rt_17h #405 RT: 8.59 AV: 1 NL: 1.78E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]





































885.58305.08207.82 666.88391.11 573.21 743.47 951.74782.95
SHB_5_25B_rt_17h #427 RT: 9.06 AV: 1 NL: 3.48E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]










































































RT: 0.00 - 20.00 SM: 7B




























































































































































SHB_5_47A_scavenging_48h_110312152426 #485 RT: 10.30 AV: 1 NL: 4.43E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]




































868.65486.22300.67213.98 340.21 525.39 654.34 741.57 826.60 986.22
SHB_5_47B_scavenging_18h #507 RT: 10.76 AV: 1 NL: 5.02E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]



































350.15 919.88120.16 512.32289.53171.16 692.47554.18 729.66 862.82 993.15
SHB_5_47C_scavenging_18h #487 RT: 10.34 AV: 1 NL: 4.58E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]




































142.24 479.26447.40317.38 935.87204.71 530.13 705.03626.53 798.47 899.82
SHB_5_47D_scavenging_18h #465 RT: 9.87 AV: 1 NL: 1.27E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]





































460.19 815.57173.07 288.09 391.22 687.63572.47 753.64 851.17 920.27 976.08
SHB_5_47E_scavenging_18h #485 RT: 10.30 AV: 1 NL: 4.24E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]
































































RT: 0.00 - 20.00 SM: 7B



























































































































































RT: 0.00 - 20.00 SM: 7B




































































































Total Scan  
PDA 
SHB_5_53E
SHB_5_53A_110427095947 #407 RT: 8.64 AV: 1 NL: 1.12E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































177.04 325.12 847.84214.16 462.39 497.24416.44 661.91562.61 729.72 992.09920.39
SHB_5_53B #435 RT: 9.23 AV: 1 NL: 9.63E5
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]





































266.24 899.91177.13 316.89 392.72 472.11 551.60 629.57 674.48 782.35 990.80SHB_5_53C #417 RT: 8.85 AV: 1 NL: 5.09E5
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]






































325.20 447.35170.97 241.46 937.97531.51 623.45 664.40 739.65 797.31 893.31
SHB_5_53D #377 RT: 8.00 AV: 1 NL: 6.84E5
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































325.14 447.38171.02 212.03 819.75 885.58731.43499.41 621.77 996.17
SHB_5_53E #407 RT: 8.64 AV: 1 NL: 6.70E5
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]










































































































RT:0.00 - 20.00 SM:7B






































































































Total Scan  
PDA 
SHB_5_81B
SHB_5_6A #377 RT: 8.00 AV: 1 NL: 1.19E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]



































325.05 847.61380.74142.16 447.22 495.21195.85 760.30676.03636.21288.83 918.59 996.71
SHB_5_6B #405 RT: 8.59 AV: 1 NL: 2.36E7
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]





































521.23393.59 970.83246.53 579.35313.84 620.52 757.54 861.88
SHB_5_6C #385 RT: 8.17 AV: 1 NL: 2.07E7
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]




































338.15 397.72 529.16 587.54 794.49214.07 286.75 697.41 986.78828.89
SHB_5_81A #337 RT: 7.15 AV: 1 NL: 4.48E5
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]




































142.26 325.19177.19 461.28260.06 795.78555.84 602.95 714.08 888.74 960.81
SHB_5_81B #357 RT: 7.57 AV: 1 NL: 4.63E5
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]


















































































































RT: 0.00 - 20.00 SM: 7B








































































































Total Scan  PDA 
SHB_5_49D_sca
venging_24h
SHB_5_49A_scavenging_24h_110315203137 #385 RT: 8.17 AV: 1 NL: 1.46E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






































151.25 263.50 461.29346.35 801.51603.91 687.32536.66 901.43733.04 961.87
SHB_5_12B #397 RT: 8.42 AV: 1 NL: 6.42E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































199.09142.18 438.12316.98 487.24 853.61643.07 726.41583.23 765.63 920.70282.91 381.00 980.76
SHB_5_49B_scavenging_24h #387 RT: 8.21 AV: 1 NL: 1.11E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































869.63170.99 373.19238.77 665.85 728.62525.38 999.66598.08 817.27
SHB_5_49C_scavenging_24h #355 RT: 7.53 AV: 1 NL: 7.94E5
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]





































151.17 391.32 461.22224.09 270.84 727.36538.49 810.25 862.34613.24 931.93 966.97
SHB_5_49D_scavenging_24h #377 RT: 8.00 AV: 1 NL: 1.97E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]
















































































































RT: 0.00 - 20.00 SM: 7B




































































SN: 1RMS 19.9018.7917.4016.0714.8810.129.184.87 8.396.691.66
NL:
1.56E5



























SHB_4_150A #523 RT: 11.11 AV: 1 NL: 7.49E6
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]





































502.39 823.68464.21 872.81226.11 583.39 638.53335.59 718.89 938.64
SHB_4_150B #543 RT: 11.53 AV: 1 NL: 9.95E6
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]





































528.46 875.72490.12 924.88302.37231.12 399.22 678.56619.28 740.98 839.79
SHB_4_150C #517 RT: 10.98 AV: 1 NL: 1.78E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]




































302.09142.19 536.39457.18 892.66374.07 940.81679.91584.30 835.57256.26 731.90
SHB_4_150D #495 RT: 10.51 AV: 1 NL: 1.45E7
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]




































142.22 476.21438.15 771.60359.17 820.67231.22 564.06 613.04 694.50 912.31 986.97
SHB_4_150E_110519194003 #513 RT: 10.89 AV: 1 NL: 3.63E6
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [200.00-2000.00]































































































RT: 0.00 - 20.00 SM: 7B






































































































SHB_4_148A #495 RT: 10.51 AV: 1 NL: 5.20E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]







































472.14 510.28 839.59 888.70151.03 305.82 391.20 640.34236.91 677.46 748.18 997.86
SHB_4_148B #517 RT: 10.98 AV: 1 NL: 1.18E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































142.23 498.09 536.36336.08 892.61679.41240.92 940.81379.28 757.38594.10 854.06
SHB_4_148C #495 RT: 10.51 AV: 1 NL: 7.83E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]




































544.29465.13409.18 907.58851.55310.39171.28 957.74675.85237.19 713.39621.12
SHB_4_148D #467 RT: 9.91 AV: 1 NL: 9.20E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]




































142.21 765.48399.09 454.14 593.87260.11 687.35 864.50 903.24 975.55
SHB_4_148E #495 RT: 10.51 AV: 1 NL: 6.50E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






































































































RT: 0.00 - 20.00 SM: 7B



































































































SHB_4_149A #505 RT: 10.72 AV: 1 NL: 2.21E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]





































502.18 540.38284.33 325.15171.10 619.13 757.43677.26 933.77853.31 989.89
SHB_4_149B #517 RT: 10.98 AV: 1 NL: 1.31E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]




































142.20 366.11 566.39528.24 951.74321.31 724.44225.02 866.76657.91450.88 791.64
SHB_4_149C #505 RT: 10.72 AV: 1 NL: 2.45E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]




































945.59495.11447.32338.08 544.25171.01 284.36 603.39 728.18 896.70837.51
SHB_4_149D #475 RT: 10.08 AV: 1 NL: 2.76E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]




































847.52398.11171.13 514.21345.27274.97 646.93 896.62687.49 810.62 963.70
SHB_4_149E_110517230020 #487 RT: 10.34 AV: 1 NL: 1.75E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]

































































































RT: 0.00 - 20.00 SM: 7B







































































SN: 1RMS 19.9518.6517.2813.8210.339.248.651.37 5.021.84
NL:
1.51E5























Total Scan  
PDA 
SHB_4_133F
SHB_4_133A #533 RT: 11.32 AV: 1 NL: 9.33E6
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]




































540.17391.30 975.56272.19 781.40315.01186.14 579.35 649.36 925.63828.32721.88
SHB_4_133B #555 RT: 11.79 AV: 1 NL: 5.99E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






































225.12 447.12266.36 340.75 727.30604.38 768.41676.21 922.61826.45 988.65
SHB_4_133C_101210102521 #527 RT: 11.19 AV: 1 NL: 8.70E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]







































411.75142.19 533.08 584.21481.95 884.37198.11 992.43797.24364.98281.83 717.08
SHB_4_133D #507 RT: 10.76 AV: 1 NL: 1.39E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]



































514.02 923.42781.37378.02142.19 217.09 261.14 695.72625.63 871.15 973.20
SHB_4_133F #507 RT: 10.76 AV: 1 NL: 1.43E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]










































































































RT: 0.00 - 20.00 SM: 7B

























































































Total Scan  
PDA 
SHB_5_35D
SHB_5_35A #517 RT: 10.98 AV: 1 NL: 2.88E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































675.48483.26392.12 626.41294.11177.58 739.57 857.47 940.19
SHB_5_35B #525 RT: 11.15 AV: 1 NL: 3.08E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]




































526.36 740.62331.50158.00 880.87572.39241.68 664.82 823.68 966.56
SHB_5_35C #559 RT: 11.87 AV: 1 NL: 9.36E5
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]







































330.25300.92182.50 672.63396.13 626.56 728.78 834.84 879.75
SHB_5_35D #559 RT: 11.87 AV: 1 NL: 2.60E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]


































566.28142.19 316.11 351.75 661.54 882.66846.56195.70 486.51 705.26 979.05
RT: 0.00 - 20.00 SM: 7B



































































































Total Scan  
PDA 
SHB_5_33D
SHB_5_33A #407 RT: 8.64 AV: 1 NL: 5.39E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]







































602.86366.02 485.19210.78 807.09644.39 703.44 912.29 951.76SHB_5_33B #415 RT: 8.81 AV: 1 NL: 3.08E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]









































688.31500.19353.97 858.49625.54170.97 270.58 765.36 919.27 960.17
SHB_5_33C #467 RT: 9.91 AV: 1 NL: 5.61E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]







































468.02 913.45142.17 313.07 696.57 735.28519.26180.90 403.01 600.97 803.19 988.00
SHB_5_33D #475 RT: 10.08 AV: 1 NL: 3.16E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]


































































































SHB_5_26B_scavenging_rt_34h #407 RT: 8.64 AV: 1 NL: 4.79E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]






































953.55314.00 718.12529.18217.04 607.21 753.64409.24 823.67 895.67
SHB_5_26C_scavenging_rt_34h #455 RT: 9.66 AV: 1 NL: 2.56E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]







































447.17337.68 788.65 869.62256.00 586.62156.41 654.51 957.14
SHB_5_26D #459 RT: 9.74 AV: 1 NL: 1.19E5
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]








































461.39211.03 307.20 566.54 700.84344.96 633.63 835.28754.44 971.55921.72
RT: 0.00 - 20.00 SM: 7B
























































































Total Scan  
PDA 
SHB_5_42D
SHB_5_42D #515 RT: 10.93 AV: 1 NL: 1.87E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]





































322.13 478.20 572.24169.09 391.30275.06 679.49 714.47 858.95782.31 938.93
SHB_5_42B #477 RT: 10.13 AV: 1 NL: 3.27E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]




































861.59494.19337.21142.22 673.45507.02 767.53196.00 260.99 583.28 843.51 922.41 961.28
SHB_5_42C #519 RT: 11.02 AV: 1 NL: 4.81E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]



































142.23 500.15 977.55306.84 345.18 744.11195.50 561.52 817.43691.29447.15 861.12
SHB_5_42D #515 RT: 10.93 AV: 1 NL: 1.87E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]
































































RT: 0.00 - 20.00 SM: 7B






















































































Total Scan  
PDA 
SHB_5_26D
SHB_5_26A_scavenging_rt_34h # 99 RT: 8.47 AV: 1 NL: .04E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]
























































































RT: 0.00 - 20.00 SM: 7B























































































Total Scan  
PDA 
SHB_5_37D
SHB_5_37A #415 RT: 8.81 AV: 1 NL: 3.21E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






































322.94 855.49439.05357.72207.34 746.03649.65 930.59507.59 614.22 968.78
SHB_5_37B #427 RT: 9.06 AV: 1 NL: 1.71E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]






































454.14 885.50195.93 260.72 505.08 715.81 758.53352.45 596.07 680.19 950.78
SHB_5_37C #469 RT: 9.96 AV: 1 NL: 9.29E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]






































142.20 501.08308.11 346.08 979.67195.97 460.94 598.23 705.13 751.36 808.26 873.37
SHB_5_37D #475 RT: 10.08 AV: 1 NL: 6.66E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






































322.98 447.31 573.26391.35171.19 227.64 651.21 706.36 875.45783.77 924.47 988.61
RT: 0.00 - 20.00 SM: 7B








































































SN: 0 19.9718.4917.3916.139.798.251.38 5.081.96
NL:
1.33E5















Total Scan  
PDA 
SHB_5_36D
SHB_5_36A #519 RT: 11.02 AV: 1 NL: 6.43E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]






































842.59142.24 289.19 675.56392.12 634.61502.93 739.63217.32 923.93 977.73
SHB_5_36B #525 RT: 11.15 AV: 1 NL: 3.82E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






































142.23 526.39 740.58331.41 618.91191.83 665.52 910.63301.66 840.63 954.26
SHB_5_36C #559 RT: 11.87 AV: 1 NL: 9.24E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































943.78535.25339.03301.16142.17 815.57649.33 735.82232.06 868.94396.26
SHB_5_36D #559 RT: 11.87 AV: 1 NL: 6.75E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]















































































































RT: 0.00 - 20.00 SM: 7B













































































Total Scan  
PDA 
SHB_5_34D
SHB_5_34A #407 RT: 8.64 AV: 1 NL: 7.86E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]




































290.09142.18 447.07366.07 602.59484.99 806.43234.86 642.48 707.41 904.53 987.05
SHB_5_34B #415 RT: 8.81 AV: 1 NL: 4.83E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






































354.00 688.37472.09 858.49626.10267.97 530.35 906.51734.40 990.98
SHB_5_34C #469 RT: 9.96 AV: 1 NL: 1.05E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































275.01142.19 914.56313.04 695.76403.03 651.30519.19 757.49 811.82 954.49
SHB_5_34D #475 RT: 10.08 AV: 1 NL: 4.44E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]



































540.12290.11 447.19347.75158.25 609.16 865.34726.54 816.65
SHB_5_27A_scavenging_rt_48h_110131183705 #409 RT: 8.68 AV: 1 NL: 6.86E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]



































357.09 473.12142.18 901.66409.10 703.26189.92 246.28 630.51531.42 774.29 857.58 944.75
SHB_5_27B_scavenging_rt_48h_110131160153 #407 RT: 8.64 AV: 1 NL: 1.38E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































953.52322.00 529.21 725.88195.83 247.10 628.51 822.72 865.03
SHB_5_27C_scavenging_rt_48h_110131162744 #457 RT: 9.70 AV: 1 NL: 3.00E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































142.21 535.27 869.65447.01256.29 345.58 654.48 796.86732.97 961.43
SHB_5_27D #459 RT: 9.74 AV: 1 NL: 3.07E5
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































































RT: 0.00 - 20.00 SM: 7B



































































1.41 2.53 3.09 4.17
NL:
1.47E5





































































RT: 0.00 - 20.00 SM: 7B

















































































Total Scan  
PDA 
SHB_5_45D
SHB_5_45A #467 RT: 9.91 AV: 1 NL: 2.09E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]







































479.18142.23 853.53651.01398.09181.11 309.42 517.28 687.55 931.66747.28 981.17
SHB_5_45B #477 RT: 10.13 AV: 1 NL: 3.86E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]






































861.65142.26 494.13 673.90213.18 632.09288.89 730.52346.54 901.47769.61 964.09
SHB_5_45C #519 RT: 11.02 AV: 1 NL: 7.91E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































307.04 955.78500.10142.27 345.06 735.96182.19 447.31 691.92635.09 819.36 876.86
SHB_5_45D #517 RT: 10.98 AV: 1 NL: 2.45E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































322.00 550.22447.18 790.74210.86 391.13 683.55624.99 834.86 936.09 974.90
RT: 0.00 - 20.00 SM: 7B














































































Total Scan  
PDA 
SHB_5_44D
SHB_5_44A #409 RT: 8.68 AV: 1 NL: 5.98E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































323.01142.22 439.14399.15 855.57195.80 690.37540.60 760.14644.52255.21 967.31
SHB_5_44B #417 RT: 8.85 AV: 1 NL: 5.92E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]






































885.54447.26195.97 636.90 703.34519.31288.57 752.17 800.42 953.84
SHB_5_44C #469 RT: 9.96 AV: 1 NL: 1.22E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]






































142.26 308.06 346.08 501.15196.09 979.69461.50 713.65564.78 662.72 799.39 897.72
SHB_5_44D #469 RT: 9.96 AV: 1 NL: 6.85E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]


























































































































SHB_5_29A_rt_21h #355 RT: 7.53 AV: 1 NL: 7.63E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






































833.46322.94 377.28 480.09198.77 644.66517.89 739.39239.19 920.01 955.23
SHB_5_29B_rt_21h #365 RT: 7.74 AV: 1 NL: 8.47E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]





































142.18 863.58322.95 495.18384.73198.94 533.38238.95 754.63667.05 901.44 984.97
SHB_5_29A_rt_21h #355 RT: 7.53 AV: 1 NL: 7.63E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






































833.46322.94 377.28 480.09198.77 644.66517.89 739.39239.19 920.01 955.23
SHB_5_29A_rt_21h #357 RT: 7.57 AV: 1 NL: 1.13E7
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































142.19 834.48322.94 480.09377.47195.88 710.76646.79280.44 902.51518.05 785.36 971.49
RT: 0.00 - 20.00 SM: 7B


































































































Total Scan  
PDA 
SHB_5_39D
SHB_5_39A #359 RT: 7.61 AV: 1 NL: 1.51E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































765.44262.22 446.08 601.73365.03196.22 685.24482.20 819.91 899.32 965.63
SHB_5_39B #365 RT: 7.74 AV: 1 NL: 1.39E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]







































817.42461.24151.14 700.37624.43391.06267.39 895.39739.35529.24 931.59
S HB_5_39C  #427 RT: 9 .06 A V : 1 NL: 1 .24E 6
T: {0,6}  + c E SI !co rona s id=75 .00  det=1024.00  Full ms [100.00-1000.00]








































311.49 508.06195 .85 695.14247.98 655.28403 .01 735 .53587.13 928.45795.42
SHB_5_39D #425 RT: 9.02 AV: 1 NL: 1.68E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]








































































RT: 0.00 - 20.00 SM: 7B







































































SN: 1RMS 19.9118.6116.0811.748.481.38 5.041.80
NL:
2.01E5





































































SHB_5_28A_scavenging_rt_34h #497 RT: 10.55 AV: 1 NL: 3.65E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]






































609.96 787.60467.16376.04 827.65659.35217.20 935.16 979.67SHB_5_28B_scavenging_rt_48h_110131165336 #505 RT: 10.72 AV: 1 NL: 2.18E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






































708.52640.93483.24314.12293.61 767.74171.20 879.50601.77 916.11SHB_5_28C_scavenging_rt_48h_110131171927 #545 RT: 11.57 AV: 1 NL: 3.68E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






































519.18 755.52 933.71322.97 447.36210.59 679.67611.68 852.21257.42
SHB_5_28D #539 RT: 11.45 AV: 1 NL: 1.69E5
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































447.40195.99 300.07 551.36 725.68339.22 673.65 787.38 824.82 997.93933.23
RT: 0.00 - 20.00 SM: 7B































































SN: 1RMS 19.3416.0012.979.571.38 5.021.95
NL:
2.18E5















Total Scan  
PDA 
SHB_5_30D
SHB_5_30A #479 RT: 10.17 AV: 1 NL: 4.94E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































825.41281.06 523.99142.17 724.48629.65 925.58 990.40
SHB_5_30B #487 RT: 10.34 AV: 1 NL: 4.01E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































323.06142.18 833.39645.39 740.19490.24216.77 879.47599.23 948.17
SHB_5_30C #529 RT: 11.23 AV: 1 NL: 6.20E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]




































527.18 949.60293.07 330.99142.22 224.09 421.51 707.32 841.44771.40645.40
SHB_5_30D #525 RT: 11.15 AV: 1 NL: 2.11E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]
















































RT: 0.00 - 20.00 SM: 7B







































































SN: 0 19.9818.779.591.41 5.103.742.57
NL:
1.63E5





































































RT: 0.00 - 20.00 SM: 7B















































































Total Scan  
PDA 
SHB_5_31D
SHB_5_31A #479 RT: 10.17 AV: 1 NL: 7.02E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]



































885.53322.99142.21 507.08 674.91195.71 722.25617.92271.48 361.14 813.52 961.57SHB_5_31B #487 RT: 10.34 AV: 1 NL: 4.28E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]






































510.15142.20 915.59705.49 800.10338.09 548.26258.36 663.34 984.66880.55
SHB_5_31C #527 RT: 11.19 AV: 1 NL: 3.98E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]




































142.21 557.21447.12353.77289.01211.08 831.47768.73594.83 711.46 958.71870.72
SHB_5_31D #525 RT: 11.15 AV: 1 NL: 1.19E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]



































588.14447.22171.13 216.96 337.87 757.33654.63 907.59814.66 954.58RT: 0.00 - 20.00 SM: 7B






























































SN: 1RMS 19.9218.7216.7513.389.078.651.38 5.07
NL:
1.63E5















Total Scan  
PDA 
SHB_5_38D
SHB_5_38A #525 RT: 11.15 AV: 1 NL: 6.05E5
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]







































376.02 447.27 626.00 939.54781.40207.24 265.75 714.57573.98 860.62
SHB_5_38B #525 RT: 11.15 AV: 1 NL: 2 9E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]







































548.21 969.54376.09 633.42411.89 876.02781.47296.96211.11 701.19 929.38SHB_5_38C #559 RT: 11.87 AV: 1 NL: 1.17E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]








































361.22217.37 394.22260.91 605.23513.94 674.80 823.78739.39 907.55 969.32
SHB_5_38D #557 RT: 11.83 AV: 1 NL: 1.44E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]

































































4. Cell proliferation assay dataa for whole library compounds 
 
 7{R/S,R1,R2} R2 a b c d e f g h 
7{S,R1,R2} 
R1 
1  112 111 102 114 109 103 102 107 
2  141 131 139 134 121 129 120 129 
3  119 103 102 129 127 121 125 133 
4  104 105 102 106 111 101 110 100 
5  105 111 118 119 128 119 112 113 
7{R,R1,R2} 
R1 
1  119 119 115 109 118 103 111 130 
2  102 110 102 118 123 109 110 102 
3  121 92 104 136 109 64 132 119 
4  130 140 104 124 125 133 116 105 
5  110 93 82 120 112 110 152 113 
7{S,R1,R2} 
R1 
6  84 104 120 91 115 109 116 99 
7  119 108 115 99 120 127 138 80 
8  126 100 106 103 117 124 128 111 
9  108 106 89 94 104 96 109 116 
10  125 98 108 117 123 102 109 122 




 8{R/S,R1,R2} R2 a b c d e 
8{S,R1,R2} 
R1 
1  57 67 90 113 39 
2  117 130 112 103 102 
3  109 130 129 130 120 
4  106 75 97 102 111 
5  112 110 108 108 104 
8{R,R1,R2} 
R1 
1  74 54 82 40 14 
2  105 121 104 104 89 
3  118 119 125 141 133 
4  91 79 90 80 82 
5  106 99 91 109 104 
8{S,R1,R2} 
R1 
6  97 109 106 107 109 
7  122 113 120 125 110 
8  99 89 73 97 97 
9  120 119 59 112 105 
10  116 124 108 130 100 














1 71 56 67 88 
2 136 136 134 111 
3 121 119 121 102 
4 91 88 77 67 




1 78 56 66 64 
2 90 71 56 67 
3 99 99 109 101 
4 105 113 92 96 




6 62 114 114 82 
7 106 103 105 82 
8 96 105 95 97 
9 94 88 99 63 
10 130 87 84 81 
11 49 75 66 82 
 
aCell proliferation data was measured by WST-1 assay upon treatment with whole library compounds to HeLa cell at 
10μM for 72 h. The results were expressed as relative value (DMSO = 100). All experiments were duplicated and 
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I. Spectroscopic Data of 2-acylcyclohexane-1,3-diones 3. 
 
2-acylcyclohexane-1,3-diones 3 were synthesized by the previously reported method.1 
 
2-(2-(3,4-dimethoxyphenyl)-1-hydroxyethylidene)-5,5-dimethylcyclohexane-1,3-dione: 
1H NMR (500 MHz, CDCl3) δ 17.95 (s, 1H), 6.84–6.79 (m, 
3H), 4.32 (s, 2H), 3.85 (s, 3H), 3.84 (s, 3H), 1.06 (s, 6H); 13C 
NMR (125 MHz, CDCl3) δ 203.1, 197.7, 195.3, 148.9, 148.2, 
127.1, 122.2, 113.2, 111.9, 111.2, 55.97, 56.0, 52.7, 46.8, 45.8, 
30.8, 28.3; MS (ESI+) m/z calcd for C18H23O5 [M+H]
+: 319.15; Found: 319.04. 
 
2-(1-hydroxypent-4-enylidene)-5,5-dimethylcyclohexane-1,3-dione: 1H NMR (500 MHz, 
CDCl3) δ 18.11 (s, 1H), 5.89–5.81 (m, 1H), 5.05 (dq, J = 17.5, 1.5 Hz, 
1H), 4.97 (dq, J = 10.0, 1.5 Hz, 1H), 3.14 (t, 7.5 Hz, 2H), 2.51 (s, 2H), 
2.40–2.35 (m, 2H), 2.34 (s, 2H), 1.07 (s, 6H); 13C NMR (125 MHz, 
CDCl3) δ 205.0, 197.5, 195.3, 137.4, 115.5, 112.2, 52.8, 46.9, 39.1, 30.9, 28.6, 28.4; MS 
(ESI+) m/z calcd for C13H19O3 [M+H]
+: 223.13; Found: 223.08. 
 
2-(1-hydroxy-3-methylbutylidene)-5,5-dimethylcyclohexane-1,3-dione: 1H NMR (500 
MHz, CDCl3) δ 18.32 (s, 1H), 2.89 (d, J = 7 Hz, 2H), 2.52 (s, 2H), 2.33 
(s, 2H), 2.12 (Sept., J = 6.75 Hz, 1H), 1.05 (s, 6H), 0.95 (d, J = 6.5 Hz, 
6H) ); 13C NMR (125 MHz, CDCl3) δ 205.0, 198.3, 195.2, 112.4, 52.9, 
48.7, 47.2, 30.7, 28.4, 25.8, 22.8; MS (ESI+) m/z calcd for C13H21O3 [M+H]




















II. Electrostatic potential calculation using the Materials Studio® 4.2 program. 
 
Materials Studio DMol^3 version 4.2 
=============================================================== 
Density Functional Theory Electronic Structure Program 
Copyright (c) 2007, Accelrys Inc. All rights reserved. 
Cite work using this program as: 
B. Delley, J. Chem. Phys. 92, 508 (1990). 
B. Delley, J. Chem. Phys. 113, 7756 (2000). 




General input parameters 
# Task parameters 
Calculate optimize 
Opt_energy_convergence 2.0000E-005 
Opt_gradient_convergence 4.0000e-003 A 
Opt_displacement_convergence 5.0000e-003 A 
Opt_iterations 50 
Opt_max_displacement 0.3000 A 
Symmetry on 













Scf_diis 6 pulay 
# Print options 
Print eigval_last_it 












1) Core skeleton 16 in figure 3(a). 
 
a) Input coordination 
 
C             0.47810069261584    2.45286446866770    0.56691786017479 
C             1.09037201569528   -0.40440139452808    0.84848703201185 
C             3.02734124846028   -0.87683289743059    3.00655419116548 
C             5.17218038332047    0.90517881765138    2.90450894262131 
C             4.96808988623211    3.19552684901827    1.65540006092795 
C             2.76277961741734    4.04590369408251    0.47054180134395 
N             7.57780219397158    0.68030143145386    3.77756243504506 
N             8.80045468692735    2.72498513082227    3.14261452318763 
C             7.31701951629093    4.31424472824256    1.84248301722218 
O             2.69097004923402    6.14727912428840   -0.61038156482910 
C            -1.37005148597378   -1.82925487954516    1.47020691957583 
C             2.12216248750068   -1.46264799995805   -1.66862819860496 
C             8.65872468709115   -1.20375558697434    5.22509293402852 
C             7.11103942913787   -2.55868912032899    6.93907420058536 
C             8.12771228658511   -4.24810415324106    8.70596801973998 
C            10.74120332280945   -4.61471103093845    8.81557230128550 
C            12.30967586293495   -3.35048442339309    7.09781140484442 
C            11.31567987772462   -1.71020208831714    5.22887211226822 
N            12.97107982715873   -0.84281787064440    3.41851458845930 
O            15.22930286966923   -1.13005620384891    3.59803862513574 
O            12.30400709463054    0.00188972612499    1.42107399686230 
H            -0.65195551123306    3.07080495311458    2.17696440150631 
H            -0.62360964581432    2.74766177818177   -1.15084326114370 
H             2.07680896790425   -0.63683772679955    4.82069156784633 
H             3.72465010921442   -2.81191254013088    2.86482486596152 
H             7.83291475219363    6.02822644644394    1.12438709917324 
H            -0.98454736403399   -3.84370278705887    1.67051790016351 
H            -2.16751578032997   -1.12060758267257    3.23332133561334 
H            -2.74199256012255   -1.55524462732589   -0.04346370087485 
H             2.48310014713884   -3.48276535040840   -1.48154524231073 
H             0.74077262210023   -1.16785069044398   -3.16907079854165 
H             3.87960768358923   -0.51967469571159   -2.18452343450766 
H             5.21942371596929   -2.23554594728591    7.01655321359504 
H             6.97119946912120   -5.16840075343622    9.94373902845326 
H            11.49898354239559   -5.81657714312137   10.11948343524547 








Output Coordinates (Angstroms) 
 
               ATOM               X                   Y                   Z 
            1    C            -2.581696            1.503623           -1.362376 
            2    C            -2.176619            0.017077           -1.208540 
            3    C            -1.269032           -0.146040            0.044329 
            4    C            -0.200582            0.889855            0.036279 
            5    C            -0.259168            2.109560           -0.628918 
            6    C            -1.430021            2.513328           -1.397655 
            7    N             1.037106            0.831062            0.604564 
            8    N             1.795214            1.952434            0.333259 
            9    C             1.005677            2.716115           -0.407937 
           10    O            -1.514956            3.580011           -2.004857 
           11    C            -3.437452           -0.836656           -1.021736 
           12    C            -1.422508           -0.456066           -2.464206 
           13    C             1.611207           -0.224578            1.349438 
           14    C             0.949333           -0.718906            2.475008 
           15    C             1.524999           -1.722608            3.254145 
           16    C             2.796684           -2.207714            2.945743 
           17    C             3.473603           -1.714375            1.832596 
           18    C             2.868777           -0.755268            1.024488 
           19    N             3.580636           -0.377428           -0.216486 
           20    O             4.805520           -0.250015           -0.140324 
           21    O             2.905204           -0.283753           -1.243675 
           22    H            -3.229902            1.795889           -0.511874 
           23    H            -3.178497            1.651359           -2.276355 
           24    H            -1.893449           -0.041278            0.952960 
           25    H            -0.835272           -1.160444            0.073557 
           26    H             1.357743            3.683808           -0.755950 
           27    H            -3.175183           -1.901978           -0.900160 




           29    H            -4.099476           -0.750386           -1.899330 
           30    H            -1.159676           -1.523913           -2.377793 
           31    H            -2.054771           -0.332882           -3.358619 
           32    H            -0.491072            0.109640           -2.624193 
           33    H            -0.011301           -0.279894            2.751691 
           34    H             0.990359           -2.098820            4.129164 
           35    H             3.262674           -2.975014            3.567766 
           36    H             4.464840           -2.074836            1.557687 
 
 
2) Core skeleton 17 in figure 3(a). 
 
a) Input coordination 
 
C             0.26456165938883    2.17318499838920    0.97131922635698 
C             1.57981108773779   -0.44219590757932    0.72187537785783 
C             1.07903357957682   -1.65917957742862   -1.90673355429387 
C             1.38516921182578    0.18330343979356   -3.97598394084132 
C             1.23777055706874    2.76088980436495   -3.56591313172249 
C             0.73699316229133    3.84559282687840   -1.20942469353973 
N             1.88216720537581   -0.18897261438909   -6.45908386310275 
N             2.06925016167004    2.00688921277333   -7.56646375785312 
C             1.68752544284736    3.87204887735502   -5.88838648642728 
O             0.60093288696097    6.19074282894270   -0.95053228055602 
C             4.45219465032941   -0.15684726270529    1.15462266426081 
C             0.54235139787316   -2.21475911486852    2.78356667660186 
C             2.17129541021421   -2.43963644437426   -7.70630326811496 
C             0.60660210502020   -4.52778362162984   -7.13560589143950 
C             0.87305349242375   -6.83702917880832   -8.41872974322726 
C             2.71175688165141   -7.09403177684990  -10.31034545639583 
C             4.27645024164748   -5.03989967929284  -10.91694772960166 
C             4.00999879755215   -2.72687472088698   -9.63382387970363 
N             5.57469215943794   -0.82770003140884  -10.26121253368230 
H             0.92029660208489    3.10293022165043    2.68908023429190 
H            -1.77256314870769    1.89728493311753    1.12249728423112 
H             2.38483430360150   -3.22954193060651   -2.18074403139055 
H            -0.85037673357040   -2.37916508554227   -1.96720491312586 
H             1.72531992944243    5.76366459052359   -6.26066258407362 
H             5.36115281440612   -2.00310958477882    1.04879801259953 
H             5.27989462315674    1.07336447490116   -0.27401028056517 
H             4.80179387384911    0.65384521279162    3.01600281234182 
H             1.46075829839950   -4.05535209038144    2.65317556263895 
H             0.90517881765138   -1.40973567412741    4.64683675111884 
H            -1.48910416381824   -2.46042350166906    2.54357128109342 
H            -0.76722878407068   -4.36904686901532   -5.79390027088445 
H            -0.27590001046961   -8.32235348597517   -7.98220310850922 
H             2.90828857061582   -8.76832896674696  -11.24576057423824 
H             5.61248664603302   -5.23832095832196  -12.29455824857679 
H             6.84458798504253   -1.06958495840048  -11.55945490122758 








Ourput Coordinates (Angstroms) 
 
               ATOM               X                   Y                   Z 
            1    C            -0.990990            1.718487            2.611934 
            2    C            -0.263035            0.360704            2.448618 
            3    C            -0.614009           -0.247420            1.061565 
            4    C            -0.448824            0.773376           -0.009031 
            5    C            -0.507481            2.152587            0.189100 
            6    C            -0.740294            2.742869            1.500404 
            7    N            -0.171760            0.582417           -1.329634 
            8    N            -0.046816            1.784654           -2.001277 
            9    C            -0.247926            2.720281           -1.080497 
           10    O            -0.758845            3.955447            1.713098 
           11    C             1.257473            0.562751            2.564034 
           12    C            -0.734978           -0.603560            3.544958 
           13    C            -0.004395           -0.651699           -2.022778 
           14    C            -0.907092           -1.692281           -1.785603 
           15    C            -0.737530           -2.939358           -2.385771 
           16    C             0.340329           -3.129709           -3.252742 
           17    C             1.224548           -2.089947           -3.519994 
           18    C             1.080617           -0.824568           -2.918226 
           19    N             2.013277            0.178562           -3.131962 
           20    H            -0.721444            2.194455            3.569269 
           21    H            -2.085338            1.544108            2.643818 
           22    H             0.005608           -1.137178            0.858124 
           23    H            -1.664053           -0.598091            1.086092 
           24    H            -0.197458            3.771501           -1.353030 
           25    H             1.786553           -0.400641            2.470010 
           26    H             1.639918            1.239990            1.784210 
           27    H             1.514096            0.996666            3.544763 
           28    H            -0.240876           -1.585363            3.444182 
           29    H            -0.494280           -0.204814            4.544345 
           30    H            -1.826051           -0.761144            3.494716 
           31    H            -1.759168           -1.506668           -1.129279 
221
 
           32    H            -1.448204           -3.744499           -2.189033 
           33    H             0.490349           -4.096323           -3.739432 
           34    H             2.063435           -2.246101           -4.205048 
           35    H             2.570532            0.055605           -3.978427 
           36    H             1.624110            1.124906           -3.041476 
 
 
3) Core skeleton 18 in figure 3(a). 
 
a) Input coordination 
 
C             0.53479247825538    2.29601730422817    0.54046169631461 
C             1.32280826481880   -0.52723361532938    0.72376507941638 
C             3.28245425832688   -0.98832676715110    2.86671445602623 
C             5.24399017638119    0.99021646870965    2.94797264727561 
C             4.91706737345387    3.31646933991512    1.79523979606720 
C             2.71175688165141    4.03267566978907    0.53101301844649 
N             7.54189684579667    0.99588568676888    4.07424933462384 
N             8.64738715237206    3.15206314436396    3.61315623949390 
C             7.13182626155525    4.63549831500038    2.21853851798563 
O             2.51522541567468    6.16995599652531   -0.46298291007206 
C            -1.04879801259953   -2.12783170555991    1.26044731781182 
C             2.43018782130820   -1.40595627101030   -1.83114458110372 
C             8.60770217431291   -0.88817127685726    5.49154392836903 
C            11.05111847344882   -0.62549934737288    6.52522443999397 
C            12.08668812160420   -2.58703498574773    7.98220310850922 
C            10.69584957833562   -4.80368391366864    8.41117138674786 
C             8.27133097508665   -5.00777441075700    7.36048322094523 
N             7.33591675864361   -3.07458435623169    5.96586549943696 
H            -0.64628634986562    2.77600764360051    2.16184678714815 
H            -0.57069726329190    2.58703498574773   -1.17540961006176 
H             2.33192197777085   -1.02423155218762    4.69596922218783 
H             4.16684596199168   -2.82136116319694    2.54735091097767 
H             7.53055840967821    6.42317896468266    1.61760557433287 
H            -0.53857193806427   -4.12338225733738    1.36438226791455 
H            -1.88972612499359   -1.55713432888444    3.05379752381430 
H            -2.43018782130820   -1.86326996113341   -0.24566438680054 
H             2.89883994943949   -3.41095555734767   -1.73665836556089 
H             1.04690831104097   -1.11304866305478   -3.33158717915069 
H             4.13661028163082   -0.34581987709437   -2.27900965005049 
H            12.07534968548574    0.98265754909187    6.22664772547306 
H            13.85169235258383   -2.39995214283706    8.73053448204161 
H            11.43284341714891   -6.23609612177199    9.46752831896517 








Input Coordinates (Angstroms) 
 
               ATOM               X                   Y                   Z 
            1    C            -2.381155            1.432098           -1.264379 
            2    C            -1.952707           -0.056189           -1.223036 
            3    C            -0.969732           -0.301705           -0.045450 
            4    C             0.075601            0.758559            0.006765 
            5    C            -0.031595            2.003765           -0.607722 
            6    C            -1.229675            2.432469           -1.322514 
            7    N             1.312660            0.742835            0.603157 
            8    N             2.005714            1.917427            0.389414 
            9    C             1.194724            2.665214           -0.339751 
           10    O            -1.330296            3.522911           -1.885621 
           11    C            -3.191370           -0.938849           -1.014414 
           12    C            -1.278991           -0.438781           -2.553142 
           13    C             1.927922           -0.270390            1.382847 
           14    C             3.274332           -0.141197            1.751082 
           15    C             3.829273           -1.157664            2.519117 
           16    C             3.044542           -2.256498            2.882419 
           17    C             1.719102           -2.278685            2.453307 
           18    N             1.155617           -1.305626            1.722568 
           19    H            -2.966636            1.667928           -0.354082 
           20    H            -3.041503            1.623594           -2.125851 
           21    H            -1.523438           -0.313875            0.913206 
           22    H            -0.512800           -1.299245           -0.128160 
           23    H             1.501286            3.661214           -0.649136 
           24    H            -2.908092           -2.004607           -0.973361 
           25    H            -3.707807           -0.682985           -0.073499 
           26    H            -3.908007           -0.809562           -1.843243 
           27    H            -0.995114           -1.505084           -2.550487 
           28    H            -1.969144           -0.272014           -3.397434 
           29    H            -0.368830            0.154093           -2.737349 
           30    H             3.840970            0.735116            1.438321 
           31    H             4.875017           -1.094966            2.830493 
           32    H             3.448526           -3.074839            3.482007 




III. Principal Component Analysis (PCA) of Tetrahydroindazolone Library. 
 
PCA was performed against 162 independent molecules using 15 major molecular descriptors 
[molecular weight, number of rotatable bonds, number of H-bond acceptors, number of H-
bond donors, Topological PSA, 2D VDW surface, 2D VDW volume, 2D VSA hydrophobic 
surface, 2D VSA polar surface, 2D VSA H-bond donor, 2D VSA H-bond acceptor, pure 
water solubility, AlogP98 value, charge polarization, and hydrophobic SA_MPEOP]. 
Building blocks used for the construction of this tetrahydroindazolone library are summarized 
in Figure S1. Molecular descriptors were calculated using PreADMET 2.0 software 
(BMDRC, Seoul, Korea) and PCA was executed using SAS 9.1 software (SAS Institute Inc., 
Cary, NC, USA). Three principal components (Prin1, Prin2, and Prin3) represent 97.0% of 
the total variance in molecular descriptors. Prin1 factor, which explains 83.1% of the total 
variance, is mainly constituted by molecular weight (MW), van der Waals (VDW) surface, 
VDW volume. Prin2 factor, which explains 10.5% of the total variance, is influenced by 
molecular weight (MW), polar VDW surface area, topological polar surface area, and H-bond 
acceptor surface area. Prin3 factor, accounting for 5.3% of the total variance, includes H-
bond acceptor surface area, polar VDW surface area, and topological polar surface area. 
Prin1 identified the diversity within the same class of core skeletons by size and lipophilic 
descriptors, and Prin2 and Prin3 could express molecular diversity by polar surface area and 
hydrogen acceptor. The eigenvalues of the covariance matrix and eigenvectors are presented 

















Figure S1. Building blocks used in principal component analysis 
 
Eigenvalues of the Covariance Matrix 
Eigenvalue Difference Proportion Cumulative 
Prin1 11812.3989 10290.2607 0.8131 0.8131 
Prin2 1522.1382 761.3228 0.1048 0.9179 
Prin3 760.8155 585.5401 0.0524 0.9703 
Table S1. Eigenvalues of the covariance matrix 
 
Eigenvectors 
 Prin1 Prin2 Prin3 
Molecular_weight 0.52344 0.557328 0.059124 
No_Rotatable_bonds 0.007861 -0.016157 0.00042 
No_H_bond_acceptors 0.003877 -0.005935 0.028145 
No_H_bond_donors 0.000304 0.001407 -0.003808 
Topological_PSA 0.056988 0.056759 0.549541 
2D_VDW_surface 0.442828 0.04496 0.060491 
2D_VDW_volume 0.416173 0.13766 -0.066306 
2D_VSA_hydrophobic 0.366426 -0.015207 -0.462259 
2D_VSA_polar 0.037408 0.104572 0.451655 
2D_VSA_Hbond_donor 0.007262 0.033623 -0.090964 
2D_VSA_Hbond_acceptor 0.02725 0.058735 0.480377 
Pure_water_solubility_mg_L -0.033051 -0.042721 0.008401 
AlogP98_value 0.007651 0.011436 -0.008104 
Charge_polarization 0.000018 0.000209 -0.000125 
Hydrophobic_SA_MPEOE 0.464517 -0.804482 0.1697 


















RT: 0.00 - 20.00 SM: 7B



















































KJH_Inda_NO2_(3,2) #525 RT: 11.15 AV: 1 NL: 1.51E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]







































316.99 363.87 587.90223.78 972.51460.86 833.86 929.07796.53685.04
PEAK LIST 
KJH_Inda_NO2_(3,2).RAW 
RT: 0.00 - 20.00 






RT Area %Area Height %Height 
8.9 8.87 8.97 18545.76 1.05 3874.997 1.79 
9.55 9.25 9.72 58745.62 3.31 3354.041 1.55 
10.24 10.15 10.33 28491.02 1.61 4138.56 1.91 
11.06 10.75 11.48 1650819 93.07 202170.1 93.49 




LC/MS analysis data with PDA detector of compound 17 
 
 
RT: 0.00 - 20.00 SM: 7B

















































KJH_Inda_NH2_(9,2) #499 RT: 10.59 AV: 1 NL: 4.28E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]

















































RT: 0.00 - 20.00 






RT Area %Area Height %Height 
9.01 8.85 9.1 30644.08 1.7 4331.208 2.06 
9.96 9.87 10.04 100074.7 5.56 15016.69 7.14 
10.56 10.23 10.85 1633476 90.81 185801.8 88.4 
12.01 11.9 12.08 34506.15 1.92 5033.085 2.39 
       
226






RT: 0.00 - 20.00 SM: 7B









































Total Scan  
PDA 
KJH_Inda_
N_(3,2)KJH_Inda_N_(3,2) #529 RT: 11.23 AV: 1 NL: 1.52E6T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]




































961.42195.74 241.23 523.46343.22 748.48407.00 709.66622.43 792.53 878.83
PEAK LIST 
KJH_Inda_N_(3,2).RAW  
RT: 0.00 - 20.00 






RT Area %Area Height %Height 
7.97 7.89 8.12 34271.86 2.3 3592.035 1.97 
8.74 8.67 8.8 14370.35 0.96 2659.832 1.46 
9.41 9.27 9.65 88819.52 5.96 6576.286 3.6 
11.2 10.95 11.58 1352463 90.77 169725 92.97 





LC/MS analysis data with PDA detector of compound 30{a,1} 
 
RT: 0.00 - 20.00 SM: 7B


















































KJH_inda_NO4_NO2_(1,1) #487 RT: 10.34 AV: 1 NL: 3.85E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]


















































RT: 0.00 - 20.00 






RT Area %Area Height %Height 
7.85 7.72 7.97 50554.89 2.25 5906.596 2.71 
10.27 9.6 10.65 2128581 94.81 205774 94.49 
15.27 15.11 15.49 66080.67 2.94 6083.347 2.79 
       











RT: 0.00 - 20.00 SM: 7B






















































KJH_Inda_NO2_(2,2)_101112105831 #479 RT: 10.17 AV: 1 NL: 5.24E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]







































526.04 947.32267.98 343.05180.01 713.51 805.20420.28 646.89 855.85
PEAK LIST 
KJH_Inda_NO2_(2,2)_101112105831.RAW  
RT: 0.00 - 20.00 






RT Area %Area Height %Height
8.87 8.79 8.97 27693.53 1.5 3988.868 1.64
9.49 9.22 9.62 95066.79 5.14 9199.098 3.78
10.09 9.75 10.48 1678740 90.74 221549.4 90.97
11.09 11.01 11.13 33174.74 1.79 6272.066 2.58








RT: 0.00 - 20.00 SM: 7B

































































KJH_Inda_NO2_(10,4) #475 RT: 10.08 AV: 1 NL: 1.05E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]








































447.19217.04 261.27 383.27 991.37863.82500.76 645.22 930.40772.41
PEAK LIST 
KJH_Inda_NO2_(10,4).RAW 
RT: 0.00 - 20.00 






RT Area %Area Height %Height 
6.66 6.57 6.79 55448.41 2.46 9046.078 3.65 
7.62 7.52 7.67 21082.78 0.94 3678.455 1.48 
8.14 8.07 8.25 21053.3 0.94 2806.647 1.13 
9.47 9.3 9.6 49573.22 2.2 4955.407 2 










RT: 0.00 - 20.00 SM: 7B











































NewKJH_Inda_NH2_(5,3)_New #497 RT: 10.55 AV: 1 NL: 1.29E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]







































447.29 630.33284.34217.07 393.87 560.30 683.73 893.55775.55 935.20
PEAK LIST 
KJH_Inda_NH2_(5,3)_New.RAW  
RT: 0.00 - 20.00 






RT Area %Area Height %Height 
9.62 9.52 9.72 26719.17 1.11 3324.782 1.09 
10.05 9.99 10.13 36368.75 1.51 6229.931 2.05 
10.31 10.24 10.37 145708.9 6.04 24768.89 8.16 
10.53 10.39 10.71 2159334 89.53 262584.1 86.47 
11.19 11.13 11.26 20351.46 0.84 3634.074 1.2 







LC/MS analysis data with PDA detector of compound 36{a,3} 
 
 
RT: 0.00 - 20.00 SM: 7B













































KJH_Inda_N_(1,3) #517 RT: 10.98 AV: 1 NL: 9.55E5
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































171.32 482.04216.93 309.46 623.81 688.74 904.30392.32 535.27 741.95 791.52 965.61
PEAK LIST 
KJH_Inda_N_(1,3).RAW  
RT: 0.00 - 20.00 






RT Area %Area Height %Height 
8.22 8.12 8.45 48413.08 4.24 4182.892 2.96 
9.8 9.72 9.85 4836.28 0.42 970.499 0.69 
10.94 10.53 11.25 1075717 94.26 134469 95 































RT: 0.00 - 20.00 SM: 7B





































KJH_Inda_N_(2,5) #479 RT: 10.17 AV: 1 NL: 6.79E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































793.43460.09354.94 622.54189.74 279.93 683.82540.45 997.59856.67 908.53
PEAK LIST 
KJH_Inda_N_(2,5).RAW  
RT: 0.00 - 20.00 






RT Area %Area Height %Height
10.11 9.65 10.38 2140179 97.35 279042.4 97.33





































KJH_Inda_P13_NO2_(1,2)_New #518 RT: 11.00 AV: 1 NL: 5.05E5
T: {0,7}  - c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































113.09 402.73 585.06213.67 255.86 321.40 715.83680.87 766.13 852.02 930.55 980.86

































KJH_Inda_NO2_(1,3) #509 RT: 10.81 AV: 1 NL: 2.85E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]



































284.16 970.50142.19 548.03325.40196.03 745.97447.28 602.84 689.31 808.50 932.98





































KJH_inda_NO4_NO2_(1,4) #508 RT: 10.79 AV: 1 NL: 8.55E3
T: {0,7}  - c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]











































550.85492.56 666.52 751.84 800.79 895.43
934.38


































KJH_Inda_N02_(1,6) #519 RT: 11.02 AV: 1 NL: 3.25E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































195.92 393.99353.31 945.30536.47246.37 847.07755.85623.40 686.00































KJH_Inda_NO2_(1,7) #560 RT: 11.89 AV: 1 NL: 8.70E4
T: {0,9}  - c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]

















































































































KJH_inda_NO4_NO2_(1,8) #540 RT: 11.47 AV: 1 NL: 4.62E3
T: {0,9}  - c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]






































































KJH_Inda_NO2_(2,1) #427 RT: 9.06 AV: 1 NL: 1.92E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]








































195.75 461.17301.77 841.10632.78343.93 583.90 763.36 917.92670.73 953.08


































KJH_Inda_NO2_(2,3) #463 RT: 9.83 AV: 1 NL: 1.72E6
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]








































297.24 516.11171.04 927.41708.40606.21335.94 761.27 865.44































KJH_Inda_NO2_(2,4) #465 RT: 9.87 AV: 1 NL: 1.60E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]








































447.16316.96 939.24171.11 223.97 608.09 824.75678.37 752.19

































KJH_Inda_NO2_(2,6) #469 RT: 9.96 AV: 1 NL: 1.25E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]










































































KJH_Inda_NO2_(2,7) #519 RT: 11.02 AV: 1 NL: 1.28E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]







































371.14 410.92335.82268.14 510.96210.74 635.10 835.65712.83 759.60 911.37 958.03





































KJH_Inda_NO2_(2,8)_101206201845 #485 RT: 10.30 AV: 1 NL: 1.13E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]








































217.05 261.09 907.50323.03 692.45 833.21630.41390.80 783.83504.26 998.72
































KJH_Inda_NO2_(3,1) #483 RT: 10.25 AV: 1 NL: 2.25E6
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]








































447.12317.06171.08 224.09 947.11353.08 565.05 634.83 909.21755.65 804.89715.07








































KJH_Inda_NO2_(3,3)_afterWorkup #505 RT: 10.72 AV: 1 NL: 2.20E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]





































171.30 223.82 791.96 962.66595.62 915.22690.08



































KJH_Inda_NO2_(3,4) #505 RT: 10.72 AV: 1 NL: 1.70E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]



























































































KJH_Inda_NO2_(3,6) #513 RT: 10.89 AV: 1 NL: 2.70E6
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]





































317.00 447.11171.09 886.09261.03 383.08 570.99 735.62643.66 989.16794.50





































KJH_Inda_NO2_(3,7) #557 RT: 11.83 AV: 1 NL: 8.73E5
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]






































356.85 871.18284.18 447.01216.96 487.84 998.60774.80673.58































KJH_Inda_NO2_(3,8) #523 RT: 11.11 AV: 1 NL: 2.33E6
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]







































447.48173.15 316.73239.18 390.98 952.45606.92 696.00 817.39 874.94749.70






























KJH_Inda_NO2_(4,1) #457 RT: 9.70 AV: 1 NL: 1.14E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]









































314.40216.83 645.25 850.35510.33 910.84559.53 999.62725.87


























KJH_Inda_NO2_(4,2) #503 RT: 10.68 AV: 1 NL: 1.99E6
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]



























































































KJH_Inda_NO2_(4,3) #483 RT: 10.25 AV: 1 NL: 1.62E6
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]








































895.40328.00292.90187.04 674.51 746.21399.36 844.82581.82 959.29



























KJH_Inda_NO2_(4,4) #481 RT: 10.21 AV: 1 NL: 1.80E6
T: {0,0}  + c ESI !corona sid=10.00  det=1024.00 Full ms [100.00-1000.00]





































447.13244.29198.99 699.97371.46 762.77287.82 808.83 907.33 943.35


























KJH_Inda_NO2_(4,6) #489 RT: 10.38 AV: 1 NL: 9.67E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]







































305.03 487.99346.04179.81 566.06 717.95 805.27 892.31663.10 949.52




























KJH_Inda_NO2_(4,7) #537 RT: 11.40 AV: 1 NL: 1.14E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]




































241.20 494.90 616.14435.68171.12 315.13 698.46 805.19 841.37 914.44 986.27
























KJH_Inda_NO2_(4,8) #495 RT: 10.51 AV: 1 NL: 3.34E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






















































































KJH_Inda_NO2_(5,1) #489 RT: 10.38 AV: 1 NL: 1.40E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]








































325.17242.11 509.85 725.98642.87393.67 784.36 977.94


























KJH_Inda_NO2_(5,2) #525 RT: 11.15 AV: 1 NL: 8.57E5
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]







































213.25 357.96 447.23261.28 581.31 874.24827.34741.37661.33 981.12



































KJH_Inda_NO2_(5,3) #509 RT: 10.81 AV: 1 NL: 4.18E5
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]







































544.17195.93 305.14 447.10 637.21409.81 707.89 990.06803.32 839.43 935.31
































KJH_Inda_NO2_(5,4) #509 RT: 10.81 AV: 1 NL: 1.37E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]








































494.01179.91 453.11 660.20289.27 358.79 727.84570.94 908.52856.88 976.24







































KJH_Inda_NO2_(5,6) #525 RT: 11.15 AV: 1 NL: 1.52E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]











































































































KJH_Inda_NO2_(5,7) #560 RT: 11.89 AV: 1 NL: 2.53E5
T: {0,9}  - c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]







































729.23429.92310.88171.40 382.98 529.58 784.11 906.36 946.13































KJH_Inda_NO2_(5,8) #529 RT: 11.23 AV: 1 NL: 2.46E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































261.04195.79 661.01305.04 368.34 551.38448.24 792.74 848.41730.56 939.43
































KJH_Inda_NO2_(6,1) #505 RT: 10.72 AV: 1 NL: 9.18E5
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]







































520.05289.07183.19 352.29 397.57 939.46729.21 849.20649.70 793.39





























KJH_Inda_NO2_(6,2) #539 RT: 11.45 AV: 1 NL: 2.43E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]






































261.09 586.09369.21 479.02216.85 865.63674.12 773.01 970.58





























KJH_Inda_NO2_(6,3) #525 RT: 11.15 AV: 1 NL: 1.23E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]




















































































KJH_Inda_NO2_(6,4) #529 RT: 11.23 AV: 1 NL: 7.02E5
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]








































205.82 559.14400.46274.94 362.78 689.23509.40 880.35 923.11836.94730.06


































KJH_Inda_NO2_(6,6)_101119112215 #537 RT: 11.40 AV: 1 NL: 1.71E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]




































217.02 260.99 447.18373.40 602.16 639.01 881.30706.85 916.38822.40




























KJH_Inda_NO2_(6,7) #569 RT: 12.08 AV: 1 NL: 1.05E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]







































261.07195.72 324.90 447.12 693.17570.68394.94 934.48780.59 835.03 974.14



































KJH_Inda_NO2_(6,8)_101123193751 #551 RT: 11.70 AV: 1 NL: 1.52E6
T: {0,0}  + c ESI !corona sid=10.00  det=1024.00 Full ms [100.00-1000.00]






































369.09261.15217.15 447.34 952.57724.10 873.25794.74680.54564.94





























KJH_Inda_NO2_(7,1) #515 RT: 10.93 AV: 1 NL: 1.02E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]

















































































KJH_Inda_NO2_(7,2)_101122210507 #549 RT: 11.66 AV: 1 NL: 1.03E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]








































179.99 382.89 625.85270.10 518.92446.79 722.12 891.80800.13 953.60


























KJH_Inda_NO2_(7,3) #535 RT: 11.36 AV: 1 NL: 8.06E5
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]




































447.27216.89 616.15536.19388.20318.14 856.52699.13 740.17 971.56

































KJH_Inda_NO2_(7,4)_101207101853 #535 RT: 11.36 AV: 1 NL: 6.15E5
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






































700.13181.02 420.10224.24 783.25330.24 549.08 875.11467.18 951.45






























KJH_Inda_NO2_(7,6)_101122180529 #559 RT: 11.87 AV: 1 NL: 3.27E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]







































489.09261.09 604.06449.95313.94216.96 661.34 859.31818.51 984.58746.20 900.73





























KJH_Inda_NO2_(7,7) #589 RT: 12.51 AV: 1 NL: 8.68E5
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]








































































































KJH_Inda_NO2_(7,8) #545 RT: 11.57 AV: 1 NL: 1.04E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






































216.97 449.95260.99 489.14 951.52314.80 603.97 772.72 857.76725.25

































KJH_Inda_NO2_(8,1) #475 RT: 10.08 AV: 1 NL: 1.34E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






































447.09317.02171.07 224.04 815.12658.34 726.96546.15 943.15



























KJH_Inda_NO2_(8,2) #519 RT: 11.02 AV: 1 NL: 1.07E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































142.19 943.31523.97179.94 341.28304.49 418.51 693.65 878.39803.24610.95






































KJH_Inda_NO2_(8,3)_101213212018 #495 RT: 10.51 AV: 1 NL: 8.82E5
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]







































171.23 334.84223.86 923.39371.25 617.17 773.28555.72 862.46656.50 975.60




























KJH_Inda_NO2_(8,4) #499 RT: 10.59 AV: 1 NL: 4.53E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]












































































KJH_Inda_NO2_(8,6) #511 RT: 10.85 AV: 1 NL: 3.69E6
T: {0,0}  + c ESI !corona sid=10.00  det=1024.00 Full ms [100.00-1000.00]





































316.80 900.11165.20 370.90272.11 541.28 746.94 979.35665.73 829.24583.54

























KJH_Inda_N02_(8,7) #559 RT: 11.87 AV: 1 NL: 2.80E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































508.86447.10 853.40261.20195.52 340.21 592.05 891.68668.50 718.12 961.02804.33
































KJH_Inda_N02_(8,8) #519 RT: 11.02 AV: 1 NL: 1.23E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]








































903.36180.10 504.30305.01 342.51 624.17 682.28 742.85 984.44837.06

































KJH_Inda_NO2_(10,1) #435 RT: 9.23 AV: 1 NL: 2.33E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]








































487.32170.94 224.07 315.18 370.89 891.31649.39 952.56589.85 819.51705.34

























KJH_Inda_NO2_(10,2) #493 RT: 10.47 AV: 1 NL: 1.48E6
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]


























































































KJH_Inda_NO2_(10,3) #473 RT: 10.04 AV: 1 NL: 1.70E6
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]






































520.12447.24 957.47326.77187.05 224.03 369.96 631.46 729.51 813.27 919.12

































KJH_Inda_NO2_(10,6) #481 RT: 10.21 AV: 1 NL: 2.15E6
T: {0,0}  + c ESI !corona sid=10.00  det=1024.00 Full ms [100.00-1000.00]








































813.33 955.44447.04317.01 582.92261.17211.03 683.44 735.44 922.59





























KJH_Inda_NO2_(10,7) #529 RT: 11.23 AV: 1 NL: 1.71E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































436.89335.97240.05182.17 667.93 854.85 903.82719.51 804.29 977.17






























KJH_Inda_NO2_(10,8) #493 RT: 10.47 AV: 1 NL: 2.43E6
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]









































697.24336.06244.12 959.43412.09171.14 915.51529.44 761.14600.01


































kjh_Inda_NH2_(1,1) #445 RT: 9.45 AV: 1 NL: 2.11E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]































































































kjh_Inda_NH2_(1,2) #497 RT: 10.55 AV: 1 NL: 4.13E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































223.06 261.11 447.07352.21 526.11 599.65 740.09 951.44673.75 793.16 855.32
































KJH_Inda_NH2_(1,3) #479 RT: 10.17 AV: 1 NL: 4.69E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]




































602.18442.09 661.29401.19181.10 264.22 836.50744.58497.27 987.52892.67







































KJH_Inda_NH2_(1,4) #483 RT: 10.25 AV: 1 NL: 5.11E6
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]





































261.12217.06 907.52433.12 651.59317.42 833.42579.08 707.10522.37 749.57 983.28


































KJH_Inda_NH2_(1,5) #529 RT: 11.23 AV: 1 NL: 2.62E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































260.82158.17 325.04 837.47642.39393.04 447.17 753.74 931.79 966.74


































KJH_Inda_NH2_(1,6) #479 RT: 10.17 AV: 1 NL: 1.62E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]



























































































KJH_Inda_NH2_(2,1) #393 RT: 8.34 AV: 1 NL: 2.48E6
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]






































447.22 763.26216.97 305.07 522.23 840.40701.14 918.56579.27 973.18
KJH_Inda_NH2_(2,2) #445-450 RT: 9.45-9.55 AV: 6 NL: 1.88E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]








































909.38555.23195.99 305.03 352.13 667.12 831.72731.25 970.05


































KJH_Inda_NH2_(2,3) #437 RT: 9.28 AV: 1 NL: 2.84E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]






































447.26376.13217.11 629.14289.91 961.59714.40 872.79786.81

































KJH_Inda_NH2_(2,4) #435 RT: 9.23 AV: 1 NL: 2.54E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






































843.48223.90 474.71314.90 349.22 660.21574.38 798.61738.25 907.09 974.19



































KJH_Inda_NH2_(2,5) #495 RT: 10.51 AV: 1 NL: 1.39E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]


















































































































KJH_Inda_NH2_(2,7) #429 RT: 9.10 AV: 1 NL: 4.08E5
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]






































845.60352.33207.73 574.56264.68 688.20 723.18 935.43 979.26






























KJH_Inda_NH2_(4,1) #453 RT: 9.62 AV: 1 NL: 3.32E6
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]






































869.36217.28 265.85 658.96616.34480.75403.27 770.96 942.44


































KJH_Inda_NH2_(4,2) #505 RT: 10.72 AV: 1 NL: 4.16E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






































261.01217.01 446.89304.86 393.12 863.79812.13667.11547.14 721.32 930.61






























KJH_Inda_NH2_(4,3) #485 RT: 10.30 AV: 1 NL: 2.85E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]







































620.18217.06 447.39284.28 324.86 505.05 672.54 887.68 927.50751.61 796.49







































KJH_Inda_NH2_(4,4)_101207202957 #487 RT: 10.34 AV: 1 NL: 7.16E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]















































































KJH_Inda_NH2_(4,5)_101207205548 #533 RT: 11.32 AV: 1 NL: 1.52E6
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]





































358.11216.78 256.10 447.09 709.33 893.42615.19506.92 771.62 998.83857.16
































KJH_Inda_NH2_(4,7) #479 RT: 10.17 AV: 1 NL: 1.65E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]




































514.10 945.50195.68 625.27 728.90290.15 332.67 447.43 840.49



































KJH_Inda_NH2_(5,1) #479 RT: 10.17 AV: 1 NL: 2.69E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]







































192.02 883.38348.67 598.24495.99308.82 671.25 746.71 787.25 945.37




































KJH_Inda_NH2_(5,2)_1 #521 RT: 11.06 AV: 1 NL: 3.01E6
T: {0,0}  + c ESI !corona sid=10.00  det=1024.00 Full ms [100.00-1000.00]






































447.07212.26 298.11 391.49 702.33565.33 885.54605.23 775.63 926.79
































KJH_Inda_NH2_(5,4) #513 RT: 10.89 AV: 1 NL: 3.83E6
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]

































































































KJH_Inda_NH2_(5,5) #549 RT: 11.66 AV: 1 NL: 1.49E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































165.09 346.94 611.53219.02 846.58430.13 537.43 716.18 758.08 904.49 970.75

































KJH_Inda_NH2_(5,6) #505 RT: 10.72 AV: 1 NL: 1.29E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






































447.30 965.66171.16 284.13 605.81373.64 680.45 722.15 831.74 874.58




























KJH_Inda_NH2_(6,1) #485 RT: 10.30 AV: 1 NL: 3.72E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






































447.17207.91 305.08 793.58708.00593.21392.14 983.71901.38




























KJH_Inda_NH2_(6,2) #523 RT: 11.11 AV: 1 NL: 2.13E6
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]





































447.01170.99 216.84 314.89 633.22 841.93352.39 684.95 790.59 904.39 983.66






























KJH_Inda_NH2_(6,3) #505 RT: 10.72 AV: 1 NL: 3.14E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]





















































































KJH_Inda_NH2_(6,4) #517 RT: 10.98 AV: 1 NL: 5.66E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]







































216.98 447.14261.22 324.11 634.07 806.10763.41 903.54 958.93



























KJH_Inda_NH2_(6,5) #557 RT: 11.83 AV: 1 NL: 1.78E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































217.00 447.24260.97 880.46312.17 507.28 548.98 739.29665.12 839.20 941.50
































KJH_Inda_NH2_(6,6) #507 RT: 10.77 AV: 1 NL: 7.64E5
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































447.17195.96 305.00 391.11 614.11 691.28 794.49 835.57 928.71 967.50







































KJH_Inda_NH2_(9,1)_101210191641 #449 RT: 9.53 AV: 1 NL: 6.25E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]








































555.26195.82 888.54352.34295.72 853.59792.55687.41 967.37620.20






































KJH_Inda_NH2_(9,3) #479 RT: 10.17 AV: 1 NL: 2.84E5
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]






























































































SN: 2 19.9718.5816.9614.8314.0311.958.607.947.191.39 5.021.45 2.80
NL:
3.45E5




KJH_Inda_NH2_(9,4) #487 RT: 10.34 AV: 1 NL: 5.13E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]







































447.23216.61 261.02 324.94 915.59536.21 657.90 775.35 841.50 973.80




































KJH_Inda_NH2_(9,5) #537 RT: 11.40 AV: 1 NL: 1.52E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































447.11223.95 312.18 352.29 534.07 655.00 906.54700.14 870.28787.25 990.20

































KJH_Inda_NH2_(9,6) #479 RT: 10.17 AV: 1 NL: 1.51E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]



































142.23 526.20 637.26 969.44180.02 351.98 447.20215.53 746.33 855.54




































KJH_Inda_N_(1,1) #485 RT: 10.30 AV: 1 NL: 8.62E5
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]





































430.17317.00173.17 226.20 799.22514.14 580.84 727.33 910.65681.46 948.79































KJH_Inda_N_(1,2) #545 RT: 11.57 AV: 1 NL: 1.40E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]


































































































KJH_Inda_N_(1,4) #519 RT: 11.02 AV: 1 NL: 1.43E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]




































588.25217.09 634.48343.39 469.14428.64 857.02261.09 798.88699.43 892.46 975.85
































KJH_Inda_N_(1,5) #535 RT: 11.36 AV: 1 NL: 1.08E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]







































317.11217.13 879.35447.16375.14 670.68 735.04 838.22635.91 928.50514.01


























KJH_Inda_N_(1,6) #579 RT: 12.30 AV: 1 NL: 1.22E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]







































321.06182.40 447.02 798.09261.18 587.05 673.48 754.45377.95 955.03876.39






























KJH_Inda_N_(1,7) #545 RT: 11.57 AV: 1 NL: 1.16E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]





































472.11266.16 316.87171.08 752.34 883.61411.45 591.74 686.57 796.17 959.62































KJH_Inda_N_(2,1) #425 RT: 9.02 AV: 1 NL: 2.81E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]


















































































KJH_Inda_N_(2,2) #499 RT: 10.59 AV: 1 NL: 1.98E5
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]







































379.15 740.61344.93 466.14261.61 825.79543.64 684.98620.82 986.03918.28


























KJH_Inda_N_(2,3) #477 RT: 10.13 AV: 1 NL: 3.12E5
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































291.93196.20 329.17 472.09 840.32685.45 741.47578.42 878.53 955.53



































KJH_Inda_N_(2,4) #469 RT: 9.96 AV: 1 NL: 2.92E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]




































985.55556.21396.00 766.86327.32179.99 216.94 447.17 679.46633.93 908.15801.38






























KJH_Inda_N_(2,6) #537 RT: 11.40 AV: 1 NL: 2.80E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]






































447.25 758.34171.13 217.02 337.93 571.97 933.74673.90 850.12



























KJH_Inda_N_(2,7) #489 RT: 10.38 AV: 1 NL: 7.06E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]




























































































KJH_Inda_N_(3,1) #485 RT: 10.30 AV: 1 NL: 2.66E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






































216.95 316.78 481.74 859.47355.69 715.73655.05 766.28582.40 988.74




























KJH_Inda_N_(3,3) #517-522 RT: 10.98-11.08 AV: 6 NL: 5.14E5
T: {0,0}  + c ESI !corona sid=10.00  det=1024.00 Full ms [100.00-1000.00]




































159.01 515.22 941.59447.25217.14 352.29 718.08 762.45654.58594.62 850.73






























KJH_Inda_N_(3,4) #515 RT: 10.94 AV: 1 NL: 6.04E5
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]





































618.07447.18217.11 316.96 358.20 525.04 897.12843.49779.28672.10 954.02



























KJH_Inda_N_(3,5) #525 RT: 11.15 AV: 1 NL: 3.29E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]





































500.07447.24322.67260.92 714.76155.30 815.65680.10 939.98541.39 862.70


























KJH_Inda_N_(3,6) #577 RT: 12.25 AV: 1 NL: 4.67E5
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





























































































KJH_Inda_N_(3,7) #545 RT: 11.57 AV: 1 NL: 2.77E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]





































502.16165.07 317.11217.02 447.18 944.48717.56674.75560.33 769.19 846.23




















SN: 1RMS 19.9318.6517.0411.8511.217.671.38 6.135.054.35
NL:
5.12E5




KJH_Inda_N_(4,1) #451 RT: 9.57 AV: 1 NL: 4.23E6
T: {0,0}  + c ESI !corona sid=10.00  det=1024.00 Full ms [100.00-1000.00]





































447.22171.41 279.15 744.49 870.61510.07 551.42 787.31619.57 947.25





























KJH_Inda_N_(4,2) #519 RT: 11.02 AV: 1 NL: 1.06E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]




































444.14 827.53692.47636.98361.00217.22 321.05 532.63 763.05 922.50 956.78































KJH_Inda_N_(4,3) #495 RT: 10.51 AV: 1 NL: 7.52E5
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]





































447.26317.09 807.44171.08 537.81226.74 581.15 751.94669.27 930.79 973.68


































KJH_Inda_N_(4,4) #493 RT: 10.47 AV: 1 NL: 2.44E6
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]
















































































KJH_Inda_N_(4,5)_NR #509 RT: 10.81 AV: 1 NL: 1.13E7
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]



































422.14142.20 761.49339.01 598.22284.12231.10 724.83481.60 827.69 862.57 970.75






























KJH_Inda_N_(4,6)_NR #565 RT: 12.00 AV: 1 NL: 1.32E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]





































447.15345.17165.17 216.97 524.14 766.92723.00670.12 860.42 964.66






























KJH_Inda_N_(4,7)_NR #525 RT: 11.15 AV: 1 NL: 1.68E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]





































424.16266.34216.99 787.47317.40 698.09 838.44614.71524.11 942.75





























KJH_Inda_N_(5,1) #491 RT: 10.42 AV: 1 NL: 2.97E6
T: {0,0}  + c ESI !corona sid=10.00  det=1024.00 Full ms [100.00-1000.00]





































154.10 650.48313.10214.16 832.34361.16 751.48465.79 542.69 931.19 987.88































KJH_Inda_N_(5,2) #545 RT: 11.57 AV: 1 NL: 1.30E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]


















































































































KJH_Inda_N_(5,3) #525 RT: 11.15 AV: 1 NL: 1.08E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]





































171.06 316.94 447.15239.04 707.73519.73 748.12659.29592.56 940.54807.76
































KJH_Inda_N_(5,4) #519 RT: 11.02 AV: 1 NL: 2.42E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]




































446.06 606.18 677.41195.18 488.74360.31302.14 842.17 909.64756.24 963.08


































KJH_Inda_N_(5,5) #539 RT: 11.45 AV: 1 NL: 1.29E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































196.10 487.15305.10 696.31528.28435.39 739.25 893.62657.19 858.30 961.85
























KJH_Inda_N_(5,6) #577 RT: 12.25 AV: 1 NL: 5.46E5
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]





































165.16 216.80 447.10371.56 637.84 910.47767.06316.62 712.17 831.65 988.09































KJH_Inda_N_(5,7) #545 RT: 11.57 AV: 1 NL: 1.97E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]













































































KJH_Inda_N_(6,1) #517 RT: 10.98 AV: 1 NL: 8.65E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]




































458.06142.18 401.22 855.51216.97 502.22 689.80309.98 636.21 726.91 933.31 972.86































KJH_Inda_N_(6,2) #575 RT: 12.21 AV: 1 NL: 1.16E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]





































520.13171.01 216.95 316.95 447.12 980.65407.33 721.75660.28620.17 805.46 850.01 906.14


























KJH_Inda_N_(6,3) #539 RT: 11.45 AV: 1 NL: 1.86E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]




































937.50212.20 513.06313.41 447.98 590.47 649.90350.24 743.60 781.34 843.42





























KJH_Inda_N_(6,4) #545 RT: 11.57 AV: 1 NL: 7.36E5
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






































616.32171.10 447.38316.99217.34 390.83 533.53 675.83 763.82 800.80 892.58 938.25





























KJH_Inda_N_(6,5) #563 RT: 11.96 AV: 1 NL: 3.53E6
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]





























































































SN: 1 19.9818.5816.6614.3010.729.687.937.551.38 5.084.34
NL:
5.14E5




KJH_Inda_N_(6,6)_NR #599 RT: 12.72 AV: 1 NL: 9.62E5
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]







































216.95 261.05 615.32349.91 491.11 729.39419.14 764.77 844.04 887.96 980.50






















SN: 2RMS 19.9618.6616.8215.9913.699.669.197.911.38 5.071.45 4.34
NL:
5.07E5




KJH_Inda_N_(6,7)_NR #573 RT: 12.17 AV: 1 NL: 4.24E6
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]





































500.19171.09 317.05 594.40 940.66446.97260.82 649.70 727.03 764.96 851.47































KJH_Inda_N_(7,1)_New #523 RT: 11.11 AV: 1 NL: 1.96E6
T: {0,2}  + c ESI !corona sid=30.00  det=1024.00 Full ms [100.00-1000.00]






































914.61498.02338.02 447.18171.21 289.11 725.46590.39 763.12658.31 830.10 953.17
























KJH_Inda_N_(7,2) #569 RT: 12.08 AV: 1 NL: 2.39E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]






































467.06 560.18199.77 383.05261.15 809.74 876.95735.29601.15312.46 931.74
































KJH_Inda_N_(7,3) #549 RT: 11.66 AV: 1 NL: 5.33E5
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































































































KJH_Inda_N_(7,4) #549 RT: 11.66 AV: 1 NL: 5.67E5
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































261.06 543.01 657.45377.75 726.26448.04 762.39 875.25 916.63






























KJH_Inda_N_(7,5) #559 RT: 11.87 AV: 1 NL: 2.85E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]






































993.56445.09199.86 544.60261.16 333.33 769.43699.13604.22 811.21 902.59






























KJH_Inda_N_(7,6) #599 RT: 12.72 AV: 1 NL: 6.39E5
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































199.98 304.11 339.11 404.98 657.90486.75 751.30 869.85 907.67 972.18





















KJH_Inda_N_(7,7) #577 RT: 12.25 AV: 1 NL: 2.25E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]




































997.67540.19447.06217.22 261.16 359.52 759.50637.21 706.26 795.40 947.54




























KJH_Inda_N_(8,1) #475 RT: 10.08 AV: 1 NL: 6.02E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]





















































































KJH_Inda_N_(8,2) #535 RT: 11.36 AV: 1 NL: 1.50E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






































855.45170.98 317.01217.14 644.62518.30 721.40594.38 759.63391.08 919.69 978.20
































KJH_Inda_N_(8,3) #519 RT: 11.02 AV: 1 NL: 1.52E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]




































835.49448.12196.01 284.24 495.14 684.25347.12 621.62 732.48 898.45 983.99




























KJH_Inda_N_(8,4) #509 RT: 10.81 AV: 1 NL: 4.96E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































554.14 763.97393.92326.37 592.33284.25 459.19165.74 724.37 799.94 933.63








































KJH_Inda_N_(8,5) #529 RT: 11.23 AV: 1 NL: 3.50E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































789.60549.13157.04 376.78 603.45 701.14310.65 998.17213.18 895.62


































KJH_Inda_N_(8,6) #579 RT: 12.30 AV: 1 NL: 1.91E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]


































































































KJH_Inda_N_(8,7) #537 RT: 11.40 AV: 1 NL: 3.86E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]




































170.97 217.13 623.68 856.46307.63 587.08 758.43513.74 893.56 968.49






























KJH_Inda_N_(9,1) #439 RT: 9.32 AV: 1 NL: 7.31E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]





































281.99 765.40424.09 601.16341.01195.71 487.73 850.42 975.87684.38 886.94

























KJH_Inda_N_(9,2) #505 RT: 10.72 AV: 1 NL: 1.31E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]







































911.52216.89 323.75 433.06 486.22 769.23686.65584.99 804.41 982.14



























KJH_Inda_N_(9,3) #479 RT: 10.17 AV: 1 NL: 3.15E5
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]







































892.49497.98195.90 260.82 331.65 561.61395.10 611.00 780.13733.25 946.88





































KJH_Inda_N_(9,4) #477 RT: 10.13 AV: 1 NL: 1.04E6
T: {0,6}  + c ESI !corona sid=75.00  det=1024.00 Full ms [100.00-1000.00]









































































































KJH_Inda_N_(9,5) #495 RT: 10.51 AV: 1 NL: 8.77E5
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]






































867.53447.10171.18 216.93 304.81 373.07 600.95 721.40661.21 757.41545.21 961.13


























KJH_Inda_N_(9,6) #549 RT: 11.66 AV: 1 NL: 2.36E6
T: {0,8}  + c ESI !corona sid=100.00  det=1024.00 Full ms [100.00-1000.00]




































554.15412.01304.89 492.94260.97182.11 796.72761.00680.35635.72 859.22 963.60


































KJH_Inda_N_(9,7) #505 RT: 10.72 AV: 1 NL: 1.86E6
T: {0,4}  + c ESI !corona sid=50.00  det=1024.00 Full ms [100.00-1000.00]
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Chapter 1. Synthesis and Biological Evaluation of     
α‑Galactosylceramide Analogues with  
Heteroaromatic Rings and Varying Positions of       
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